. 


or. 
EPILEPS 
Today she is a babysitter with her own 1960 


grandchildren. Yet even a generation before 

she might never have known the joys of an 
marriage and family. Here is a story shared 

by thousands who lead active lives today 
because of modern anticonvulsant therapy. 
Rarely has the progress of medicine touched 
so many lives with such drama and humanity. 
Presented here are five distinguished 
anticonvulsants. They can help you give the 
most precious of all gifts: a normal life. 


Anticonvulsants by Abbott 
PEGANON E® (Ethotoin, Abbott)—A 


hydantoin of exceptionally low toxicity. Indicated 
for grand mal and psychomotor seizures. 
PHENURON E® (Phenacemide, Abbott)—Often 
effective when other agents fail. For grand mal, 
petit mal, psychomotor and mixed seizures 
GEMONIL® (Metharbital, Abbott) —Relatively 
non-toxic. For grand mal, petit mal, 

myoclonic and mixed seizures symptomatic 

of organic brain damage. 

TRIDIONE® (Trimethadione, Abbott) 
PARADIONE® (Paramethadione, Abbott)— 
Homologous agents. Afford symptomatic control 
of petit mal, myoclonic and akinetic seizures. 
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Dynamic Myelography 


These two radiographs of the same patient dem- 
onstrate the bulging of the annulus fibrosus 
during hyperextension and flexion, respectively, 
of the vertebral column. 30 ce of Pantopaque 
contrast medium was used. Note how this tech- 
nique permits visualization of the posterior sur- 
face of the vertebral canal. 


“PANTOPAQUE?” is the registered trademark under which all leading x-ray 
dealers supply the compound ethyl iodophenylundecylate, which is synthesized by 
the Research Laboratories of Eastman Kodak Company and prepared as the 
myelographic contrast medium lophendylate Injection, U.S.P., by Lafayette 
Pharmacal Inc. The trademark serves to indicate to the radiologist continuity of 
experience in the manufacture of this medium. 
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obaxisal 


ROBAXIN® WITH ASPIRIN 


ROBAXISAL, a new dual-acting muscle relaxant-analgesic, effectively treats both skeletal 
muscle spasm and severe pain due to or associated with the spasm. Each Tablet contains: 


e A relaxant component — Robaxin* — widely recognized for its prompt, long-lasting relief of 

painful skeletal muscle spasm, with unusual freedom from undesired side effects........ 400 mg. 
®Methocarbamol ‘Robins’ U.S, Pat. No. 2770649. 

e An analgesic component—aspirin—whose pain-relieving effect is markedly enhanced by Robaxin, 

and which has added value as an anti-inflammatory and anti-rheumatic agent. .. . (5 gr.) 325 mg. 


INDICATIONS: Rosaxisat is indicated when analgesic as well as relaxant action is desired in the treatment of skeletal 
muscle spasm and severe concurrent pain. Typical conditions are disorders of the back, whiplash and other traumatic injuries, 
myositis, and pain and spasm associated with arthritis. 

SUPPLY: Rosaxisa Tablets (pink-and-white, laminated) in bottles of 100 and 500. 

Also available: Rosaxin Injectable, 1.0 Gm. in 10-cc ampul. Ropaxin Tablets, 0.5 Gm. (white, scored) in bottles of 50 and 500. 


A.H. ROBINS CO.,1NC., Richmond 20, Va. salle 


... seeking tomorrow's with persistence 


me 
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In 8 out of 
10 patients 
complete 
control 

of grand mal 
| SeIZUres 
with 


wide margin of safety 


Results in 262 epileptic patients when “‘Mysoline”’ was used alone. 


COMPOSITE 


Type of Number of Completely 50-90% <50% 
RESULTS Seizure Patients Controlled Improved 
OF 20 Grand Mal 214 172 (80%) 15 (7%) | 27 (13%) 
CLINICAL Psychomotor 29 19 (65%) 10 (35%) 
STUDIES Focal Jacksonian 19 19 (100%) 


Results in 835 epileptic patients who had failed to respond successfully 
to other anticonvulsants. ‘“‘Mysoline” was added to current medication | 
which, in some cases, was eventually replaced by “‘Mysoline”’ alone. 


Type of Number of | Completely 50-90% <50% 

Seizure Patients Controlled Improved 
Grand Mal 613 175 (28.5%) | 253 (41.2%) | 185 (30.3%) 
Psychomotor 130 10 (7.7%) 65 (50%) 55 (42.3%) 
Focal Jacksonian} 92 14 (15.2%) | 36 (39.1%)} 42 (45.7%) 


The dramatic results obtained with ‘“‘Mysoline” advocate its use as first 
choice of effective and safe therapy in the control of grand mal and 
psychomotor attacks. Literature and bibliography on request. 


SPECIAL POTENCY NOW AVAILABLE 


New 50 mg. smali-dose tablet offers practical approach to 
dosage adjustment for initiation/combination/and ‘‘trans- 
fer’’ therapy in selected cases. Available on prescription. 


Supplied: 0.25 Gm. (250 mg.) scored tablets, bottles of 100 and 


1,000. Also 50 mg. scored tablets to facilitate dosage adjustment, 
bottles of 100 and 500. 


AYERST LABORATORIES « New York 16, N.Y. © Montreal, Canada : 
' “Mysoline” is available in the United States by arrangement with Imperial Chemical industries, Ltd. 5 
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Book Reviews 


INFORMATION 
FOR Authors 


Nevurovocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who wish to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy ) 
should be sent to Dr. Russell N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Neurotocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurology 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are contributed solely to 
Nevuro.ocy. They must be typewritten, double 
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spaced, and only the original copy should be 
submitted. Illustrations should od drawn in 
India ink on white paper with clear lettering. 
ore should be glossy prints. Tables 
should be typed on separate sheets. The title 
of the article, name of author, and number of 
figure should be placed on the back of eve 

illustration, and the top should be designated. 
a, Oye for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. FRANKLIN, C. R., and 
BrickNER, R. M.: Vasospasm associated with 
multiple sclerosis. Arch. Neurol. & Psychiat. 
58:125,1947. 

Textbook reference: 2. Wecuster, I. S.: 
A Textbook of Clinical Neurology, ed. 8. Phila- 
delphia, W. B. Saunders Company, 1958. pp. 
194-199. 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
— correction. There will be no charge 
or corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley pel 
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‘the most effective drug against tremor’”’ 


IN PARKINSONISM Parsidol exceeds all other drugs for reducing 
tremor,! a principal impairment of this disease. Parsidol also bright- 
ens the patient’s outlook and, by lessening rigidity, contributes to 
restoration of his self-confidence. Especially well tolerated by elderly 
patients,'?3 Parsidol is effective alone yet is compatible with most 
other antiparkinsonian drugs.' Most patients respond to a mainte- 


nance dosage of 50 mg. q.i.d. 
® brand of 
ethopro, i 
PAR SI DOL 


MORRIS PLAINS, 


PA RKINSONISM 


1. Schwab, R. S. and England, A. C.: J. Chron. Dis. 8:488 (Oct.) 1958. 
2. Schwab, R. S.: Geriatrics 14:545 (Sept.) 1959. 
PAR.-GPO3 3. Doshay, L. J. et al.: J.A.M.A. 160:348 (Feb. 4) 1956. 
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THIORIOAZINE HC! 


specific, effective tranquilizer 


provides highly effective tranqui/ization, 


relieves anxiety, So al nervousness, 


q 
byt is vi WE 
« 


Parkingoni3sin 


blood 
dermatitis 


how does Mellaril differ from other potent tranquilizers? e 
® 
yey 


greater speciticity of tranquilizing 
action results in fewer side effects 


tranquilization 


Virtual freedom of Mellaril 
from major toxic effects is 
due to greater specificity 
of tranquilizing action 
—divorced from such 
“diffuse” effects as anti- 
emetic action. 


“The most striking aspect of thioridazine [MELLARIL] therapy is the poverty 
of side-effects.” 


“In conclusion it may be said that thioridazine is at least as effective in 
relieving psychiatric illness as other drugs of its class. On a milligram for 
milligram basis it has the same order of potency as chlorpromazine. in 
its low incidence of side-effects and toxicity, it is superior to all other 
tranquilizing drugs tested. For this reason it is well tolerated by patients, 
particularly those who are not hospitalized and who frequently discontinue 
their medication with other drugs because of dizziness, sleepiness, increased 
tension, or Parkinsonism.”* 


zz Supply: MELLARIL Tablets, 10 mg., 25 mg., 100 mg. 


SANDOZ 


*inross-Wright, J.; Newer phenothi drugs in treat t of nervous disorders, J.A.M.A, 1704263, July Tt, 1959, 
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“R Day” 


for the neuritis patient 
can be tomorrow 


“R Day”—when pain is relieved—can come early for patients with 
inflammatory (non-traumatic) neuritis if treatment with Protamide 
is started promptly after onset. 


Protamide is the therapy of choice for either early or delayed 
treatment, but early use assures greatest efficacy. 


For example, in a 4-year study’ and a 26-month study* a combined 
total of 374 neuritis patients treated with Protamide during the 
first week of symptoms responded as follows: 


60% required only 1 or 2 daily injections for complete relief 
96% experienced excellent or good results with 5 or less injections 


Thus, the neuritis patient’s first visit—especially an early one— 
affords the opportunity to speed his personal “R Day.” 


Protamide is available at pharmacies and supply houses 
in boxes of ten 1.3 cc. ampuls. Intramuscularly only, 
one ampul daily. 


PROTAMIDE’ 9 
PDR hermin 


~ Detroit 11, Michigan 
PAGE 813 


ROTAMIDE 


1. Lehrer, H. W., et al.: Northwest Med. 75:1249, 1955. 
2. Smith, Richard T.: New York Med. 8:16, 1952. 
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ce., ampuls of 2 cc. Also available: Tablets CoceNtin 
(quarterscored), 2 mg., bottles of 100 and 1000. 
Ayd, Clin. Med. 6:387, 1959. 2. May, R. H.: 
4 Am. J. Psychiat. 116:360, 1959. 3. Brock, “4 
r):Bull. NewYork Acad. Med. 32:202, 1956. 
is a trademark of Merck & Co., Inc. 
@ MERCK SHARP & DOHME 


COGENTIN 


METHANESULFONATE (BENZTROPINE 


alleviated with COGENTIN,”” » 4 
antispasmodic? = 2 


Cervical traction can be maintained while turn- 
ing from supine, standing and prone positions. 


Earlier self-care 
results from 
improved 


circulation 


| 


The CircOlectric can be self operated to sitting, standing, prone, or 
wheelchair positions. If necessary the bed can be operated by a nurse. 


® Suited especially for care of quadriplegics 

and paraplegics 

Improves mental outlook 

Built in bedpan 
Built in tilt board 
Earlier ambulation reduces hospitalization 

Built in patient transfer lift 
Ideal for home care . . . no patient lifting 


Over 500 CircOlectrics are now in use throughout the U.S. and Canada. 
Write for additional information . . . prices . . . or demonstrations in 
your hospital. $695.00 complete. 


SURGICAL AND HOSPITAL EQUIPMENT 


Orthopedic frame Company 


420 ALCOTT STREET + KALAMAZOO, MICHIGAN 
Exclusive Agent for Export: Schueler & Co., 75 Cliff St., W. YL 


| 
| Th | 
Universal Hospital and Convalescent Bed | 
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for those with 


PARKINSONISM 


mw decrease rigidity 

m decrease tremor 

@ increase agility 

@ improve gait and posture 
elevate mood 


@ reduce sialorrhea 


Smoother activity, 
and brighter expression 


Also indicated for the treatment of drug-induced 
symptoms resembling parkinsonism, developing 
during treatment of mental patients. 


‘Kemadrin’ brand Procyclidine Hydrochloride 
Tablets of 5 mg., scored. Bottles of 100 and 1,000, 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, N. Y. 
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in the senile patient 


controls acute agitation, 
hostility, 
severe apprehension, 


hyperactivity 


reduces confusion, 


delusional reactions 


encourages cooperation 


A Century 
of Service 
to Medicine 
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INJECTION TABLETS SYRUP 
Sparine 
HYDROCHLORIDE 


Promazine Hydrochloride, Wyeth 


Wyeth Laboratories Philadelphia 1, Pa. 


Detailed Information on 


SPARINE 


Promazine Hydrochloride 


Sparine effectively controls central nervous system excita- 
tion, allays apprehension and anxiety, calms the agitated 
patient and is a useful adjunct to the management of mental 
and emotional disturbances. Both acute and chronic psy- 
chiatric illnesses respond to SpARINE therapy. SPARINE has 
been found to be useful in the management of nausea and 
vomiting of either central nervous system or gastric reflex 
origin. SPARiNE effectively facilitates the action of analgesics 
and central nervous system depressants. It has been used as 
an adjunct to surgical sedation, allaying apprehension and 
reducing the dosage requirements for narcotics, analgesics 
and sedatives. SPARINE may be used as an aid in diagnostic 
and therapeutic regimens. Such nonspecific symptoms as 
anxiety, pain, vomiting, nausea and hiccups frequently 
make more difficult both diagnosis and therapy of organic 
disease. Sparine allays such symptoms without masking 
physical, neurological or laboratory findings. 


DIRECTIONS. For maximal therapeutic benefit the amount, 
route of administration and frequency of dose should be 
governed by the severity of the condition treated and the 
response of the patient. Oral administration should be used 
whenever possible; parenteral administration should be re- 
served for uncooperative patients or when nausea and 
vomiting interfere with oral administration. SPARINE when 
used intravenously should not exceed a concentration of 25 
mg. per cc.: injection should be given slowly. Dilute 50 mg. 
per cc. concentration with equivalent volume of physiologi- 
cal saline before I.V. use. Avoid injection around or into 
the wall of the vein. 


In the management of agitated patients. Spartne should be 
given I.V. in initial doses of 50 to 150 mg. If the desired 
calming effect is not apparent within 5 to 10 minutes, 
additional doses up to a total of 300 mg. may be given. Once 
the desired effect is obtained, SPARINE may then be given 
I.M. or orally in maintenance doses of 10 to 200 mg. at 
4 to 6 hour intervals. Jn less severe disturbances, initial oral 
therapy may be satisfactory. When tablet medication is un- 
suitable or refused, Sparine Syrup may be used. 


Medical uses. Antiemetic. 

Usual dose is 25 to 50 mg. repeated at 4 to 6 hour intervals. 
When oral route is not feasible, 50 mg. I.V. or I.M. will 
usually control the symptom, but oral medication should be 
initiated as soon as feasible. 


In the management of pain associated with malignancy or 
chronic disease, SPARINE may be administered orally or I.M. 
in 25 to 50 mg. doses repeated at 4 to 6 hour intervals to 
allow for reduced dosage of analgesics. Jn medical emer- 
gencies, to allay apprehension and facilitate diagnosis or 
therapy, Sparine should be given [.V., I.M. or orally in 50 
to 200 mg. doses. See direction circular for details. 


PRECAUTIONS. Although rare, drowsiness, dizziness and 
transitory postural hypotension may occur. If a vaso- 
pressor drug is indicated, norepinephrine is recommended 
since SPARINE reverses the effect of epinephrine. Agranu- 
locytosis has been reported in only 18 cases in about 34 mil- 
lion patients. If, however, signs of cellular depression—sore 
throat, fever, malaise—become evident, discontinue SPARINE, 
check white blood cell count, and initiate antibiotic and 
other suitable therapy if indicated. Seizures, reported as 
occurring during Sparing therapy, occur usually with rapid 
large increases in dose and at a daily dosage above 1 Gm. 
Caution must be exercised when administering SPARINE to 
patients with a history of epilepsy. Avoid perivascular 
extravasation or intra-arterial injection, as severe chemical 
irritation or inflammatory response may result. Because of 
its facilitating action on analgesics and central nervous 
system depressants, give them only in reduced dosage with 
Sparine. Do not use in comatose states due to central 
nervous system depressants (alcohol, barbiturates, opiates, 
etc.). Use with caution in patients with cerebral arterio- 
sclerosis, coronary heart disease, or other conditions where 
a drop in blood pressure may be undesirable. 


For further information on prescribing and administering 
SPARINE see descriptive literature, available on request. 
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a new film 


“Soma in Cerebral Palsy” 


by Catherine E. Spears, M.D. 


LaBoraToriEs is pleased 
to announce the availability of the 16mm., color film, 
IN CEREBRAL PALsy. 


Photographed at the Children’s Country Home in 
Westfield, New Jersey, and narrated by Dr. Spears, 
this 14-minute sound film presents the results of the 
preliminary clinical trials with the new muscle relax- 
ant, Soma™™ (carisoprodol Wallace). 


Four children were selected for this presentation. 
They are representative not only of the type and 
degree of handicap seen at this center, but also of 
the progress attained with the help of Soma. 


Copies of the film for showing to medical groups 
may be obtained by writing to the Professional 
Services Department, Wallace Laboratories, New 
Brunswick, New Jersey. 


WALLACE LABORATORIES 
NEW BRUNSWICK, NEW JERSEY 
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FOR THE 
PARKINSON 
PATIENT 


smooth, straight-line motion... 


y 


if 


Stands out as a drug of choice in Parkinsonism. Ap- 
pears well suited for a great number of patients.’ 
Unexcelled for sustained, continuing control of 
rigidity, tremors?...restoration of normal functional 
mobility...suppression of other symptoms...with 


minimal risk of untoward effects. Trinexyphenidyl HCI Lederle 
Indicated: All types of Parkinsonism including common Parkinsonoid side effects of 1. Critchley, M.: British M. J. 2:1214 (Nov. 15) 1958. 
phenothiazine therapy. Supplied: Tablets, 2 mg. and 5 mg.; Elixir, 2 mg./5 cc. 2. Doshay, L. J.: Current M. Dig. 22:11 (Nov.) 1956. 
tsp. Dosage: 1 mg. first day, gradually increased according to response, to 6-10 3. De Jong, R. N.: J. Michigan M. Soc. 57:722 (May) 1958. 


mg. daily in 3 divided doses at mealtime. 
LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, N.Y. E Leaterie) 
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specifically to 
h neuromuscular 
and relieve 


in sustained release tablets — requires fewer individual doses 


ROCHE LaBorATORIES: Division of Hoffmann-La Roche inc*Nutley 10, New Jersey 


times as long as the regular tablet, 
the need for sleep interruption to take 
furthe medication and leads to better 
during waking hours, MESTINON TIMESPAN 
Offers greater convenience, prolonged 
relief on fewer individual doses, and 
Timespan tablets — Ve t tablets once 
R. Magee and M. R. Westerberg, 
striat muscle tissue. By inhibiting 
acetylcholine at this 
TaviS 
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brand of biperiden 


PARKINSON’S DISEASE 


postencephalitic — idiopathic — arteriosclerotic 


DRUG-INDUCED EXTRAPYRAMIDAL DISORDERS 


parkinsonism — dyskinesia — akathisia 


MUSCULAR SPASTICITY NOT RELATED TO PARKINSONISM 


ACTION Frequently diminshes akinesia, rigidity, and tremor 
with subsequent improvement in coordinated move- 
ment, gait, and posture. Masklike face disappears. 
Salivation and oily skin are decreased. Oculogyric 
crises are often lessened in intensity and frequency. 


SIDE EFFECTS Minimum (mainly dry mouth or blurred vision). 
DOSAGE Individual adjustment of dosage is necessary in all 
instances. Dose range extends from 2 mg. tc 24 mg. 
daily, in divided doses. 


AVAILABLE Supplied as the hydrochloride salt, 2 mg. bisected tab- 
lets, bottles of 100 and 1000. 


Complete information furnished upon request. 


KNOLL PHARMACEUTICAL COMPANY 
(formerly Bilhuber-Knoll Corp.) 
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Yew agent for parkinsonism 
a 
4 


Sa oes depen 
ptive to psychotherapeutic treatment, While im- 
t with Nardil can sometimes he noticed in a week, 


NARDIL—A TRUE ANTIDEPRESSANT 
EFFECTIVE IN 4 OUT OF 5 PATIENTS 


ACCEPT, DEAL TH = 

PSYCHOTHERAPY” 

up to 6 weeks or more of ntinassion Nardilhasan 

excellent safety record—established by extensive published | 
¢linieal studies, and confirmed by the minimal incidence 
toxici y in over 400,000 patients to date. Your initial 

prescription for 50 Nardil tablets will provide t.i.d. dosage | 

aa r the first 2/2 weeks of therapy, at which time you should | 
Clin. Med. 6:1579 (Sept.) 1959. | 
‘a Dosage: One tablet three timesaday. 

Supplied: 15 mg. orange-coated tablets, bottles of 100. 
| 
| 
a MORRIS PLAINS, 
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Relaxes Skeletal Musculature 


and relieves mental and emotional stress 


“In our experience (2 years), administration of meprobamate brings prompt relief from 
muscle spasm and alleviation from concomitant anxiety... .””! 
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Simultaneous determinations of retinal 


and carotid artery pressures 


Comparison of per cent reductions 
after occlusion of the common carotid artery 


George T. Tindall, M.D., Herbert T. Dukes, M.D., 
Horace B. Cupp, Jr., M.D., and Noble J. David, M.D. 


DETERMINATION of retinal artery pressures by 
ophthalmodynamometry has proved useful in 
the diagnosis of thrombosis of the internal 
carotid artery since a lower pressure in the 
eye on the side of the occlusion is usually ob- 
served. A significant reduction in the ipsilateral 
retinal artery pressure also occurs after ligation 
of the common or internal carotid arteries, and 
it has been suggested that ophthalmodyna- 
mometry be used to evaluate the effectiveness 
of carotid artery ligation in reducing the distal 
intravascular pressure.'“* Whether the degree 
of reduction in retinal and distal carotid artery 
pressures is similar immediately after occlusion 
of the carotid artery is unknown, as simul- 
taneous retinal and carotid artery pressure 
measurements have been determined in only 
a few cases.* The present study was under- 
taken to compare the pressure changes in the 
retinal artery with those in the carotid artery 
distal to the site of occlusion. Simultaneous 
intracarotid and retinal artery pressure record- 
ings were obtained and the per cent reductions 


in each determined after occlusion of the com- 
mon carotid artery. The results indicate that, 
although in most cases the per cent reductions 
in the 2 measurements are similar, the technic 
of ophthalmodynamometry alone cannot be 
relied upon in an individual case to determine 
the intravascular pressure changes distal to 
occlusion of the carotid artery. 


METHOD 


Comparative studies of retinal and carotid 
artery pressures were made in 13 patients dur- 
ing percutaneous carotid arteriography and in 
2 cases during operative exposure of the ca- 
rotid vessels in the neck. In 2 patients, bilateral 
studies were done, making a total of 17 obser- 
vations. Similar studies were carried out in an 
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additional 2 patients with complete thrombosis 
of the internal carotid artery during arteriog- 
raphy in 1 and during operative exposure of 
the cervical carotid artery in the other. All 
patients studied showed no evidence of retinal 
abnormalities, glaucoma, or increased intra- 
cranial pressure. 

The intracarotid pressure recordings were 
made using a 17-gauge needle in those pa- 
tients undergoing arteriography, while a 23- 
gauge needle was used in those in whom the 
carotid vessels were exposed. A Sanborn elec- 
tromanometer with a constant flushing device 
was used to obtain a continuous intracarotid 
pressure recording in each patient. Retinal 
artery pressures were measured with a Bailliart 
ophthalmodynamometer. The manner in which 
systolic and diastolic retinal artery pressures 
were obtained has been described elsewhere.? 
To facilitate funduscopic observation, the pu- 
pils were dilated with 10% Neo-Synephrine. 

Retinal artery pressures were measured 
while a continuous intracarotid pressure was 
being recorded. As each systolic and diastolic 
retinal artery pressure was obtained, the intra- 
carotid pressure record was marked by means 
of a foot switch to insure simultaneous deter- 
minations. An attempt was made to obtain 3 
control readings in each case. The common 
carotid artery proximal to the needle tip was 
then occluded by digital compression, and 2 
or 3 separate systolic and diastolic retinal 
artery pressures were taken, care again being 
taken to mark the intracarotid pressure record 
as each retinal artery pressure was obtained. 
Both retinal artery and intracarotid pressures 
were converted into mean pressure by adding 
one third of the pulse pressure to the diastolic 
value. A single average value for both retinal 
and intracarotid pressures was calculated be- 
fore and during occlusion of the carotid artery. 
In 3 instances, only diastolic retinal artery 
pressures were available, the systolic pressure 
being in excess of the highest value registered 
on the instrument (150 gm. of water). In these 
cases, the per cent reduction in only the dia- 
stolic intracarotid and retinal artery pressures 
were compared. 


RESULTS 


Patients with a patent carotid system. The 
per cent reduction for retinal artery and in- 


tracarotid pressures after carotid occlusion are 
shown in Table 1. In 6 of 17 determinations, 
the difference between the per cent reduction 
in simultaneously determined retinal artery 
and intracarotid pressures was less than 5. In 
11 out of 17, it was less than 10, and, in 6, 
the difference ranged from 11 to 22.7. In pa- 
tient No. 13, the mean retinal artery pressure 
showed a paradoxic increase during carotid 
compression, whereas patient No. 10 showed 
a slight rise in arterial pressure during carotid 
compression. Patient No. 3, in whom bilateral 
studies were done, showed a close correlation 
between the per cent reduction in retinal 
artery and intracarotid pressures on the left 
side, whereas the right side showed a wide 
difference in the per cent reductions. In most 
cases, the per cent reduction in the arterial 
pressure was greater than the per cent reduc- 
tion in the retinal artery pressure. 

Patients with thrombosis of the internal 
carotid artery. Simultaneous determinations of 
the retinal and carotid artery pressures were 
made in 2 patients with complete thrombosis 
of the internal carotid artery (Table 2). In both 
patients, the retinal artery pressure in the ipsi- 
lateral eve before the study was significantly 
less than in the other eve. Manual occlusion of 
the common carotid artery on the side of the 
thrombosis produced a significant further re- 
duction in retinal artery pressure in both cases. 
A significant difference was found between the 
per cent reductions in retinal and carotid 
artery pressures after occlusion in patient No. 
1. The per cent fall in the intracarotid pres- 
sure was 60 and in the retinal, 35, a difference 
of 25. The second patient, however, showed 
practically equal reductions in the retinal and 
carotid pressures after occlusion of the carotid 
artery, despite the fact that the internal carot- 
id artery at its origin was completely occluded 
by a thrombus. 


DISCUSSION 


It has been shown that, after occlusion of 
the common carotid artery, the per cent fall 
in intravascular pressure is the same in all por- 
tions of the internal carotid and its accessible 
branches.*:® Since the ophthalmic artery is a 
branch of the internal carotid artery, it is 
reasonable to assume that the per cent reduc- 
tion in intravascular pressure in the ophthalmic 
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TABLE 1 
PER CENT REDUCTION IN RETINAL AND DISTAL CAROTID ARTERY PRESSURES 


Per cent reduction 


AFTER OCCLUSION OF THE COMMON CAROTID ARTERY 


Retinal artery 


Carotid artery 


Case pressure pressure Difference 
34.7 33.3 14 
48.2 46.6 1.6 
3 OS 33.0 30.0 3.0 
3 OD 24.3 40.5 16.2 
4 59.4 62.6 3.2 
5 32.4 29.0 3.4 
6 OD 19.0 23.0 4.0 
6 OS® 19.3 25 5.7 
7 20.7 27.1 6.4 
8 17.4 24.6 7.2 
9 29 36.2 72 
10 3.3 +5.5 8.8 
ll 33 22 11 
12° 19 30.8 11.8 
13 + 10.6 6.2 16.8 
14° 8.1 25 16.9 
15 14.3 37 22.7 


*Diastolic retinal and carotid pressures only 


and internal carotid arteries will be similar 
after occlusion of the common carotid artery. 
According to Duke-Elder,'” the determination 
of retinal artery pressure by ophthalmodyna- 
mometry is actually a measure of lateral pres- 
sure in the ophthalmic artery. 

Rand? showed a close correlation in one pa- 
tient in the per cent reduction of simultaneous- 
ly determined retinal and intracarotid pres- 
sures after occlusion of the carotid artery. A 
close correlation between the per cent reduc- 
tion in retinal and carotid artery pressures was 
noted in the majority of the patients in the 
present series. However, in a few cases, the 
difference between the per cent reductions in 
simultaneously determined retinal and carotid 
pressures was such that the technic of ophthal- 
modynamometry could not be reliably used as 
a quantitative measure of the changes in intra- 
vascular pressure above the site of carotid oc- 
clusion. The reasons for the relatively wide 
difference in some cases between the per cent 
reduction in the 2 measurements are not en- 
tirely clear. Undoubtedly the commonly used 
technic of obtaining systolic and diastolic end 


points in ophthalmodynamometry offers a con- 
siderable potential source of error, especially 
if the pulse is slow or irregular. This factor did 
not seem to be important since all of our pa- 
tients were cooperative, all had regular cardiac 
rhythms, and the results were reproducible. 
The differences may be related to anatomic 
factors. In those patients in whom the per cent 
reduction in retinal artery pressure is signifi- 
cantly less than the simultaneously determined 
per cent reduction in carotid artery pressure, 
it is possible that a significant per cent of the 


TABLE 2 


PER CENT REDUCTION IN RETINAL AND DISTAL 
CAROTID ARTERY PRESSURES AFTER OCCLUSION 
OF THE COMMON CAROTID ARTERY IN PATIENTS 
WITH COMPLETE THROMBOSIS OF THE 
INTERNAL CAROTID ARTERY 


Per cent reduction 


Retinal artery Carotid artery 


Case pressure pressure Difference 
1 35 60 25 
2 39 40 1 
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blood supply to the retinal artery is from some 
source other than the ipsilateral internal ca- 
rotid artery. 

The present study sheds further light on the 
role of the external carotid artery in maintain- 
ing the retinal artery pressure in instances of 
thrombosis of the internal carotid artery. In 
both cases of complete thrombosis of the in- 
ternal carotid artery in the present series, oc- 
clusion of the common carotid artery produced 
a further significant drop in the ipsilateral 
retinal artery pressure. In one instance, the 
per cent fall in the retinal artery pressure was 
equal to the per cent fall in the common ca- 
rotid artery, a finding which suggests that the 
major portion of the blood supply to the retinal 
artery in this case was via the ipsilateral ex- 
ternal carotid artery. 


SUMMARY 


Comparative per cent reductions between 
the retinal artery and intracarotid pressures 
after occlusion of the common carotid artery 
were determined in 17 instances in 15 patients. 
Similar studies were carried out in 2 additional 
patients with complete thrombosis of the in- 
ternal carotid artery. A good correlation be- 
tween the per cent reductions in simultaneous- 
ly determined retinal artery and intracarotid 
pressures was obtained in most cases. How- 
ever, in a few, the difference between the per 
cent reductions in simultaneously determined 
retinal and carotid pressures was such that the 


technic of ophthalmodynamometry could not 
be reliably used as a quantitative measure of 
the changes in intravascular pressure above the 
site of carotid occlusion. 

A significant further reduction in ipsilateral 
retinal artery pressure followed occlusion of 
the common carotid artery in both patients 
with complete thrombosis of the internal ca- 
rotid artery. 
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CASE REPORT 


Hereditary sensory radicular neuropathy 


A. J. Mandell, M.D., and C. K. Smith, M.D. 


THE FAMILIAL and sporadic occurrence of tro- 
phic ulceration in the lower extremity associ- 
ated with progressive peripheral sensory loss of 
an unusual type, without clinical evidence of 
disease of the motor system, has been repeated- 
ly described and variously named since the 
report of Verhoogen and Vandervelde' in 
1894. The precise pathologic alterations caused 
by the disease were unknown until Denny- 
Brown's? analysis of postmortem material from 
one of Hick’s* cases, which was later confirmed 
by others.*.> The condition was shown to be 
a degenerative disease of the nervous system 
with the primary pathologic alterations in the 
dorsal root ganglia of the spinal cord segments 
supplying the limbs. Most of the previous re- 
ports have come from Europe, but a few 
groups of cases have been reported from the 
northern and midwestern United States.*-* The 
following is an account of a familial case from 
Florida and demonstrates the typical history 
and physical findings of this unusual disease. 


CASE REPORT 


R. B., a 30-year-old lumberyard clerk, was 
first seen on May 4, 1959, because of recur- 
rent, painless ulcerations of the feet of three 
years’ duration. His initial symptom was a 
vague numb feeling at the tips of the toes of 
the left foot in 1950, first noticed when his toes 
seemed insensible to the temperature of bath 
water. Later, this sensation was noted in the 
right foot. About the same time, his feet be- 
gan to perspire a great deal. The sensory loss 
was progressive, and, by 1955, lacerations and 
punctures on his feet were painless. One day in 
1956, he walked around for several hours be- 
fore noticing a thumbtack sticking in the fourth 
toe of his right foot. Shortly after this, he 
began to note thermoanalgesia in his fingers 
that was associated with increased perspira- 


tion in his hands. In 1957, a callus formed in 
the skin beneath the first metatarsophalangeal 
joint of his right foot. It later became “dark” 
and spontaneously and painlessly drained. In 
spite of rest and medical therapy, the resulting 
ulcer drained for fourteen months. In Septem- 
ber 1958, the same area on the left foot 
ulcerated, and, in the ensuing months, small 
spicules of bone extruded. 

In 1956, the patient began to notice severe, 
burning pains in the third, fourth, and fifth 
fingers of each hand, lasting one to two 
minutes. Rubbing and squeezing these fingers 
hastened the termination of the pain. The pain 
occurred several times a week and had con- 
tinued up to the time of admission. He had 
no pains in his legs or feet and did not com- 
plain of motor weakness or incoordination. 

Numerous medical examinations, including 
detailed investigation for diabetes, failed to 
disclose any abnormalities. Spinal fluid exami- 
nation in a Florida hospital in 1958 showed 
nothing of note. Many courses of oral and 
parenteral vitamin therapy had proved of no 
value. 

The patient’s father (Case 6) had been 
afflicted with a similar malady. Beginning at 
the age of 23 years, he suffered from recurrent 
ulcers associated with extrusion of bone and 
loss of sensation in the lower extremities, 
which was variously diagnosed as “diabetes 
without kidney sugar,” “multiple sclerosis,” and 
“vitamin deficiency.” He also suffered from 
shooting pains in his hands. He succumbed to 
a disease consisting of high fever and “boils 
all over” at the age of 43 years. The patient's 


From the Department of Neurology and Psychiatry, Ochs- 
ner Clinic, New Orleans, 

Dr. Mandell’s present address is: The Neuropsychiatric 
Institute, University of California Medical Center, Los 
Angeles 24. 


627 


ALIVE AFFECTED MALE = DEAD AFFECTED MALE 
Al DEAD UNAFFECTED MALE O ALIVE UNAFFECTED FEMALE 
@ DEAD UNAFFECTED FEMALE 


Fig. 1. Geneologic table representing affect- 
ed and nonaffected members of the family. 
The numbers underneath each figure indi- 
cate the age at death or the present time. 
The numbers above represent the case desig- 
nation. 
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paternal grandfather (Case 11) also had re- 
current ulcerations of the feet beginning in 
the fourth decade of life, which finally necessi- 
tated amputation of a leg in the sixth decade 
(Fig. 1). The patient's family has lived in 
Florida for at least 4 generations. 

At the admission examination, arterial pulses 
including the dorsalis pedis and posterior tibial 
were full. Hands, feet, and legs were erythe- 
matous and moist. The subcutaneous tissue of 
the toes, especially the large ones, was swollen. 
Ulcerations with trophic changes in the skin 
were present bilaterally (Fig. 2). 

On examination of the motor system, the 
tone and strength were normal and there was 
no evidence of fasciculations or muscular atro- 
phy. Fine and alternating movements were 
normal in the upper and lower extremities. 
The Babinski, Chaddock, Romberg, and Op- 
penheim signs were absent. Abdominal super- 
ficial reflexes were present in all quadrants. 
Deep tendon reflexes were brisk and symmetric 
except for the Achilles reflexes, which were 


Fig. 2. Trophic ulcerations and scaling seen on both the dorsal (left) and ventral (right) as- 


pects of the feet 
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HEREDITY SENSORY RADICULAR NEUROPATHY 


barely elicitable. The cranial nerves and fun- 
dus appeared normal. Hearing was excellent, 
and results of the Rhine and Webber tests 
were normal. 

On sensory examination, a peripheral loss 
of pain, temperature, and touch was noted, 
with considerably greater loss of pain and 
temperature than touch. Little loss of vibra- 
tory, passive motion, or position sense in the 
limbs was found. The sensory loss was bilateral 
in the seventh cervical through the second 
thoracic and the fourth lumbar through the 
first sacral dermatomes (Fig. 3). 

Hemoglobin, hematocrit, white blood cell 
count, differential count, blood urea nitrogen, 
and fasting blood sugar values were within 
normal limits. The Kolmer and Kahn reactions 
were negative. Sedimenation rate was 69 
mm. (Westergren), which was thought to re- 
flect the ulcerative process on the feet. The 
spinal fluid contained 9 white cells per cubic 
millimeter, 74 mg. per cent of sugar, and a 
protein of 26 mg. per cent. The Pandy re- 
action showed no increase. The electrocardio- 
gram and roentgenograms of the chest and 
skull showed no abnormalities. Roentgeno- 
grams of the lumbosacral spine revealed no 
vertebral deformity or interspace narrowing 
suggesting a dysraphic state. Roentgenograms 
of the left foot revealed fragmentation and 
dissolution of the bony structure of the proxi- 
mal phalanx, leaving only bony debris. Frag- 
ments near the proximal articular surface show- 
ed increased density as did the tuft of the dis- 
tal phalanx. The same kind of changes were 
seen in the right foot (Fig. 4). 


DISCUSSION 


A few rather complete historical reviews of 
this subject have appeared during the last sev- 
eral years.-+-6.8 Using recently acquired patho- 
logic material, Denny-Brown and _ others?-+.5 
cleary differentiated this disease from lumbo- 
sacral syringomyelia, status dysraphicus, Mor- 
van’s disease, myelodysplasia, familial periph- 
eral neuropathy, amyloidosis, tabes dorsalis, 
congenital indifference to pain, neurofibroma- 
tosis, and leprosy, conditions with which it had 
been previously confused. The clinical picture 
that most closely resembles this one is the rare 
symmetric sensory neuritis of longstanding dia- 
betes.'° The numerous failures to demonstrate 
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TEMPERATURE ABSENT 
ES Pain ano TEMPERATURE ABSENT 
GHB Pain, Temperature AND TOUCH ABSENT 


Fig. 3. Dermatome representation of the sen- 
sory loss. Vibratory, position, and passive 
motion sensibilities were intact. 


diabetes as well as the early age of onset makes 
this diagnosis untenable in our case. The 
disease differs from the more common dia- 
betic radiculoneuropathies in that vibratory 
and passive motion sensibilities are consider- 
ably less affected than those of pain and tem- 
perature. 

The age of onset of symptoms in the re- 
ported cases ranges from 4 to 51 years, usually 
beginning in young adulthood.* The disease 
has been reported in males and females alike 
in both familial and sporadic cases. Results 
of spinal fluid examinations have been normal. 

The patient in the case reported by Denny- 


Fig. 4. Roentgenograms of both feet show- 
ing fragmentation and dissolution of the 


bones of the phalanges 
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Brown* showed degeneration and disappear- 
ance of nerve cells of the dorsal root ganglia, 
which was most noticeable in the lower lum- 
bar and upper sacral cord but was also seen 
in the eighth cervical and first thoracic seg- 
ments. The ganglia showed proliferation of the 
capsule cells and deposition of a hyaline mate- 
rial that stained variably with Congo red. The 
ventral roots were intact. Some degeneration 
was seen in the dorsal columns of the spinal 
cord up to the level of the medulla. The hya- 
line material failed to stain with Congo red in 
van Bogaert’s case* and was reported absent 
in Blackwood’s material.> It is thought that 
this material is a result rather than the cause 
of the dorsal root ganglion cell degenerative 
process. 

Thus far, two reasons have been advanced 
for the type of sensory loss initially seen in 
this disease. One is the preponderant selective 
loss of the smaller ganglion cells subserving 
pain and temperature sensation.'' The other 
is production of a condition analagous to surgi- 
cal sectioning of a single dorsal root, which re- 
sults in sensory loss more extensive for pain 
and temperature than for touch.? 

The trophic changes of ulceration and bony 
dissolution were attributed by Denny-Brown 
to repeated, painless trauma and resulting in- 
fection. In our patient, the cutaneous vascular 
and sudomotor abnormalities with the same 
distribution as the loss of temperature sen- 
sation suggests more complex pathophysiology 
than this. One might speculate that the loss 
of the modulating afferent limb of autonomic 
reflexes'*? or the abnormal reactions of the 
dorsal root vasodilator fibers'* produce vascu- 
lar stasis and pronounced local diaphoresis, 
which in turn contribute to the trophic changes. 
Mulvey and Riely’s® patients had reduced or 
absent histamine flares over the area of thermo- 
analgesia. These flares have been recently 
shown to be dependent upon dorsal root integ- 
rity.14 

The familial cases reported previously have 
shown this to be a Mendelian dominant 
trait,245 and the geneology in our case is con- 
sistent with this. Hereditary deafness has 
been reported in a few of these families,*-5 
resulting from degeneration of cells in Scarpa’s 
ganglia. The family of the patient herein de- 
scribed as well as most of the others who have 


been reported in the literature did not show 
this feature. 

Several authors?:7:5.'5 reported sporadic cases 
resembling the familial ones in detail, and we 
recently had an opportunity to examine a 52- 
year-old man from New Jersey with longstand- 
ing, recurrent, symmetric ulcerations of the 
lower extremity associated with changes in 
bone and a typical sensory deficit. He did not 
give a family history of a similar disease and 
did not have diabetes. 


SUMMARY 


A typical case of hereditary sensory radicular 
neuropathy with recurrent ulcerations and 
arthropathy in the lower extremities and a 
radicular sensory deficit of the upper and 
lower limbs without evidence of motor dys- 
function has been presented. The geneologic 
information presented is consistent with pre- 
vious descriptions of this disease as a Men- 
delian dominant trait, but sporadic cases are 
also recognized. 
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Permeability of cerebral vessels 


to albumin in hyperbilirubinemia 


Observations in newborn animals 


B. Rozdilsky, M.D., M.Sc., Ph.D., and J. Olszewski, M.D., Ph.D. 


THAT BILIRUBIN exists in the circulating blood 
in the form of bilirubin-albumin complex is 
generally accepted.'-* A number of clinical ob- 
servations indicate that, in neonatal jaundice, 
both the cerebrospinal fluid proteins and biliru- 
bin are raised.45 The same observations and 
the results of some experimental work® suggest 
that bilirubin enters the cerebrospinal fluid 
while still attached to molecules of albumin. 
However, it is not known in what form bili- 
rubin crosses the blood-brain barrier and 
reaches the nerve cells, thus producing kernic- 
terus. One could postulate that at least a cer- 
tain portion of serum bilirubin pentrates the 
nervous tissue in the form of albumin complex. 

Most recent developments in the study of 
neonatal hyperbilirubinemia point to the im- 
portance of dissociated, protein-free bilirubin 
in the production of brain damage.*-* Accord- 
ing to this new concept, the unbound bilirubin 
is the main form or possibly the only form® 
that penetrates through the semipermeable 
membranes of the cells. Nevertheless, a protein 
indicator appears to be useful for the study 
of the permeability of cerebral vessels to bili- 
rubin, since information obtained from such 
investigations would apply equally to both 
forms of bilirubin, with or without a protein 
carrier. If a vessel becomes permeable to large 
molecules of albumin, it would obviously be 
permeable to dissociated bilirubin and most 
probably to the bilirubin-albumin complex. As 
a consequence, any new data pertaining to the 
permeability of the cerebral vessels to mole- 
cules of serum albumin, in particular in the 
neonatal period and during hyperbilirubinemia, 
would be of value for better understanding of 
the pathogenesis of human kernicterus. This 
report deals with results obtained during a 


study of the permeability of cerebral vessels 
to iodinated I'*' bovine albumin in newborn 
animals with experimental hyperbilirubinemia. 
It is a part of a broad research project on the 
blood-brain barrier investigated with radio- 


active albumin and an autoradiographic tech- 


MATERIAL AND METHODS 


In this work, fifteen newborn rabbits of 
average weight 40 to 60 gm., 9 newborn 
puppies of 250 to 270 gm., and 9 newborn 
kittens of 100 to 120 gm. were used. Out of 
this number, 6 rabbits, 3 puppies, and 3 kittens 
served as controls. The remaining 9 rabbits, 6 
puppies, and 6 kittens received injections of 
bilirubin-albumin complex prepared according 
to the following method of Ruthven and 
Lathe.'4 

“Grind 50 mg. of bilirubin, with the aid of 
a glass rod, with 0.75 N NaOH in a small thick 
walled tube. Add the caustic in small aliquots 
until this bilirubin is in solution. Centrifuge, 
take off the supernatant, and add a trace more 
soda to any residue, treat this mixture as be- 
fore and add the spun solution to the previous 
supernatant. In all, about 0.3 ml. 0.75 N 
NaOH should be required. Add the caustic- 
bilirubin solution, with stirring, to 0.8 ml. of 
30% w/v bovine albumin, the pH of which 
has been previously adjusted with a little 
caustic to about eight. This bilirubin-albumin 
solution is immediately neutralized to pH 
7.6. This step is very critical, and is done by 
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adding slowly 1.0 M KH.PO, from a micro- 
syringe, through a hypodermic needle, to the 
rapidly stirred (mechanical if possible) bili- 
rubin-albumin solution. About 0.1 ml. of the 
KH,PO, is required. The bilirubin-albumin 
solution at pH 7.6 is finally clarified by cen- 
trifuging, and the supernatant is used for in- 
jection.” 

The treatment was similar to that in a 
study on the toxicity of bilirubin, which will 
be reported elsewhere.'* The animals were 
given an intravenous injection of the solution 
in an amount corresponding to 1 mg. of crvs- 
talline Eastman Kodak bilirubin per 10 gm. of 
body weight. In order to maintain the con- 
centration of bilirubin in the serum between 
50 and 20 mg., repeated injections were given. 
The 9 rabbits were reinjected with one half 
of the initial dose of bilirubin eight hours 
after the first injection. Two hours after the 
second injection, 0.2 cc. of 2% iodinated bo- 
vine albumin corresponding to 40 jc. was 
injected intravenously. In the 6 puppies and 
6 kittens, 2 additional injections, each with 
one half of the initial dose, were given, the 
first five hours and the second thirteen hours 
after the initial injection. The second reinjec- 
tion was followed in three hours by radio- 
active bovine albumin in the amount of 75 jc. 
for the puppies and 50 ye. for the kittens. 

Out of the control group, 5 rabbits, 2 
puppies, and 2 kittens received intravenous 
injections of a solution that contained all the 
ingredients in the same proportion as in the 
solution of bilirubin-albumin complex, except 
for the omission of bilirubin. The volume in- 
jected, the time intervals, and the final dose 
of radioactive albumin were the same as in 
the previous groups. 

Two hours after the injection of radioactive 
albumin, the animals were killed by a hemo- 
dilution technic. This was a modification of 
the method developed earlier for adult ani- 
mals!” and found to be essential for the com- 
plete removal of the residue of radioactive 
blood from the vessels of the brain. The ani- 
mals were fastened supine to a board. Under 
light ether anesthesia, one of the external 
jugular veins was punctured with 27-gauge 
long needle connected to the rubber tubing 
of a transfusion set of 6% dextran. (The assist- 
ance of Abbott Laboratories, Ltd., in donating 
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dextran for this study is acknowledged). The 
other external jugular vein was cut, and the 
fluid was injected at a rate of approximately 
1 drop per second. Care was taken that the 
loss of blood should be compensated by the 
amount of plasma substitute infused. When 
the animals died from hemodilution, the chest 
was opened and the left ventricle of the heart 
was punctured with 22-gauge needle con- 
nected to a perfusion set of physiologic saline. 
The fluid was introduced at the pressure of 
10-cm. column of water for the rabbits, 20 cm. 
for kittens, and 30 cm. for puppies. Only a 
small volume of saline was used, not exceeding 
10 to 30 cc., depending upon the size of the 
animal. The perfusion with saline was followed 
by perfusion with 10% formalin, and the brains 
were removed and fixed in 10% formalin for 
twelve hours. Then they were cut in coronal 
plane and examined for the presence of jaun- 
dice or any gross pathologic change. Multiple 
color photographs were taken. In the next step, 
frozen sections were cut 25 ,. thick, mounted, 
and dried and contact autoradiographs with 
“No Screen” x-ray film were made. The ex- 
posure was seventy-two hours. The histologic 
slides were stained subsequently with cresyl 
violet and correlated with the autoradiographs. 

An additional control animal of each species 
that had not been treated at all was given the 
injection of radioactive albumin only and was 
sacrificed two hours later. Perfusion was 
omitted. The brains were removed and _proc- 
essed in the way described above. 


RESULTS 


Autoradiographs of the nonperfused rabbit's 
brain disclosed the vascular pattern of the 
brain with a generalized slight radioactivity in 
the background. No particular regions of the 
gray matter stood out as especially radioactive 
(Fig. 1). 

Gross examination of the brains of the rab- 
bits treated with bilirubin showed absence of 
icteric discoloration of nervous tissue except 
for the choroid plexus, which was intensely 
jaundiced. Autoradiographs were of essentially 
the same appearance in the animals treated 
with bilirubin and in the perfused controls 
(Fig. 2). In both instances, the same sharp, 
black contour corresponding to the meninges, 
ependyma, and choroid plexus was found. 
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Also, in some cases, a fairly intense radio- 
activity was noted in the brain tissue proper, 
adjacent to the ventral corners of the lateral 
ventricles. This radioactivity extended into the 
nervous tissue for some distance with gradually 
decreasing intensity. In addition, in almost all 
brains, the hypothalamus was radioactive. 

The control puppy and kitten, which were 
sacrificed two hours after injection of radio- 
active bovine albumin and were not perfused, 
showed a much denser vascularization of the 
gray matter as compared with the white mat- 
ter. The dense vascular network was sharply 
limited to individual masses of the gray matter 
of the basal ganglia, thalamus, brain stem, and 
cortex (Fig. 3). 

The brains of the perfused control puppies 
and kittens produced the same autoradiograph- 
ic effect, in which there was a definite out- 
line of the choroid plexus and a much fainter 
border of the meninges and ventricular lining 
(Fig. 4). In certain cases, there was some con- 
centration of radioactivity in the attachments 
of the choroid plexus and in the hypothalamus. 

The autoradiographs of the 6 puppies 
treated with bilirubin showed no uniform pat- 
tern. In 4 brains that did not show gross 
jaundice, there was no difference as compared 
with the perfused controls. In the remaining 2 
brains, which were pale yellow, the cerebral 
cortex, basal ganglia (Fig. 5), thalamus, floor 
of the fourth ventricle, and cerebellum showed 
an increased concentration of radioactivity, 
most intense in the layers immediately sub- 
jacent to the meninges and ependymal lining 
and gradually decreasing into the deeper layers 
of tissue. In 1 case, autoradiographs of the 
spinal cord were made and showed an intense 
darkening over the gray matter. 

Out of the 6 kittens treated with bilirubin, 
4 produced a similar autoradiographic result, 
which was considerably different from that of 
other species (Figs. 6 through 9). The whole 
surface of the brain had a slight background 
radioactivity that was distinctly accentuated in 
the thalami, inferior colliculi, gray matter 
around the fourth ventricle, lateral cuneate 
nuclei, and, to a lesser degree, the basal gang- 
lia, hippocampi, certain areas of the cortex, 
and, in one case, segments of the underlying 
white matter. Correlation of the autoradio- 


graphs with photographs of the brains showed 


Fig. 1. Autoradiograph of newborn rabbit's 
brain. No perfusion. Note a slight back- 
ground radioactivity with numerous dark 
spots representing the blood vessels; 2 large 
dark patches overlying the hippocampi and 
a single dark spot in the midline correspond 
to the choroid plexus. 


the distribution of nuclear jaundice closely 
coinciding with that of the radioactivity. The 
autoradiographs of the remaining 2 brains that 
were not grossly jaundiced differed in no re- 
spects from those of the perfused controls. 


DISCUSSION 


The problem of the blood-brain barrier in 


newborn infants and animals is a controversial 


Fig. 2. Autoradiograph of newborn rabbit's 
brain. This animal was treated with bili- 
rubin and perfused. Note darkening over 
the meninges, ependyma, and choroid plex- 
us. The meninges remained attached to the 
cortex over small areas only; 2 patches of 
diffuse radioactivity lateral to the thalamus 
correspond to the tissue around the ventral 
corners of the lateral ventricles. 
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one. Because of the incidence of kernicterus 
in the neonatal period, it appeared logical to 
postulate that this protective mechanism of the 
brain is absent or imperfectly developed at 
birth. This view was partly based on the find- 
ings of Behnsen'® with trypan blue and of 
Stern and Peyrot!* with sodium ferrocyanide, 
who noted a greater penetration of these indi- 
cators into the brains of newborn animals than 
into those of adult animals. Broman'!® and 
Gréntoft!® failed to confirm these observations. 
Bakay*® demonstrated that more radioactive 
phosphorus accumulated in the brains of new- 

, b ; born animals than in those of adults. However, 
brain. No perfusion. Note numerous dark 
spots corresponding to the blood vessels. as pointed out by the author, this effect was 
apparently related to the increassed metabo- 


Fig. 3. Autoradiograph of newborn Puppy s 


lism of the developing brain. Very recently, 
: Millen and Hess?! repeated some of the pre- 
vious work using trypan blue and extended the 


experimentation to also include a number of 
hydrogen indicator dyes. They drew the con- 
7 ~ clusion that, in newborn animals, the barrier 

~ between the circulating blood and the nervous 
tissue is impermeable. However, they admitted 
that the hematoencephalic barrier in the fetus 
and newborn animal may be less complete and 
that the presence or absence of permeability 
depends to some extent on the test substances 
used. Our present work lends additional sup- 


‘ ; t to th tenti that the blood-brai 
Fig. 4. Autoradiograph of newborn puppy’s 2 


brain. Perfused, untreated animal. Note a barrier at birth is fairly well developed, at 
minimal darkening over the whole surface least as far as the permeability of cerebral 
of the section with accentuation over the 
ependyma. 


vessels to molecules of albumin is concerned. 
However, apart from the usual uptake of radio- 
active albumin by the hypothalamus, which 
is also observed in autoradiographs of adult 
animals, in certain newborn animals there was 
some darkening over the nervous tissue just 
under the meninges, into the ependyma and 
subependymal tissue. This suggests that some 
penetration may occur from the cerebrospinal 
fluid after a small amount of proteins entered 
the fluid from the blood. The presence of 
radioactivity around the points of attachment 
of the choroid plexus is difficult to explain. 
Perhaps it is due to spread of radioactive ma- 
terial by diffusion from the connective tissue 
of the strongly radioactive plexus to the ad- 


Fig. 5. Autoradiograph of newborn puppy’s jacent nervous tissue. The concentration of 
brain. Treated with bilirubin and re radioactivity in the brain tissue around the 
Vascular permeability is increased in the of ‘the 
cerebral cortex and portions of the basal 5 i P 


ganglia. ably related to some local peculiarities of either 
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ependymal permeability or tissue architecture. 
It has also has been observed in other condi- 
tions.!* 

The effect of hyperbilirubinemia on the per- 
meability of cerebral blood vessels to protein 
molecules was not the same in all three species 
investigated. No change of permeability was 
produced in any of the rabbits by twelve-hour 
hyperbilirubinemia. The results obtained in 
the puppies and kittens are not strictly com- 
parable with those in the rabbits, because the 
former were exposed to hyperbilirubinemia 
six hours longer. However, there appears to be 
a definite difference. A proportion of puppies 
and kittens showed an increase of permeability 
that was rather diffuse in the puppies and 
fairly selective in the kittens. Comparison of 
the autoradiographs with the patterns of 
yellow discoloration observed in the same 
brains indicated that the increased permeabil- 
ity was localized to the regions in which bili- 
rubin stained the brain tissue. We have also 
observed this selective staining and difference 
in susceptibility of the various species to nu- 
clear jaundice on larger amounts of material.’* 

We accepted a working hypothesis that, in 
kernicterus, a certain amount of bilirubin pene- 
trates the hematoencephalic barrier as a com- 
plex with molecules of serum-albumin. This 
hypothesis is supported not only by the results 
of this study but also by our unpublished ob- 
servations that, in general, bilirubin passes the 
blood-brain barrier in all conditions in which 
the barrier becomes permeable to radioactive 
albumin. For example, cats were injected in- 
travenously with bilirubin-albumin complex, 
and air was introduced into one carotid artery. 
On the corresponding side, the brain showed 
a faint yellow discoloration. On the contrary, 
under the same conditions, no jaundice of the 
brain was produced in rabbits. As reported 
by Lee and Olszewski,'* air embolism renders 
the cerebral blood vessels permeable to radio- 
active albumin in cats but not in rabbits. 

Another example was provided by experi- 
ments with intracarotid injection of alcohol. 
Only a minimal amount of iodinated radio- 
active albumin entered rabbit brain after intra- 
carotid injection of 15% alchohol, and, similar- 
ly, the brain remained unstained if the rabbits 
were injected intravenously with the bilirubin- 


Figs. 6 and 7. Autoradiographs of newborn 
kittens’ brains. Treated with bilirubin and 
perfused. Note radioactivity in the thalami 
and, in Figure 6, in some areas of the cor- 
tex and white matter. 


albumin complex followed by intracarotid al- 
cohol of the same concentration. However, an 
intense unilateral cerebral jaundice was noted 
if 20 to 30% alcohol was used, and such a con- 
centration also produced an increase of per- 
meability to radioactive albumin. Observations 
suggesting that bilirubin may produce increase 
of permeability of cerebral vessels detectable 
by molecules of albumin do not contradict the 
attractive hypothesis*-’ that stresses the signifi- 
cance of the dissociated, diffusible form of 
bilirubin in causing brain damage. In fact, a 
disturbance of the function of the blood-brain 
barrier of such magnitude that it allowed the 
penetration of protein molecules would ob- 
viously increase crossing of the barrier by the 
small particles of dissociated bilirubin. No 
quantitative estimation was made on_ the 
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Figure 9 


Figs. 8 and 9. Photomicrograms of histologic sections and corresponding autoradiographs. Kittens 
treated with bilirubin and perfused. In Figure 5, there is darkening of emulsion over the inferior 
colliculi and, in Figure 9, over the area subjacent to the floor of the fourth ventricle and the 


deep nuclei of the cerebellum. 
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amount of albumin indicator that had passed 
across the blood vessels into the brain tissue. 
This amount may indeed be very small, and, 
consequently, we are unable to say to what 
extent the protein-bound bilirubin could con- 
tribute to the production of brain damage. 

The possibility that the observed increase of 
vascular permeability in hyperbilirubinemia 
might be the result of a nonspecific mechanism 
like shock or anoxia should be considered. 
However, the work of Broman'® speaks against 
such an alternative. The observations of this 
author and our own previously reported re- 
sults!°-18 indicate that the blood-brain barrier 
is very stable and is not easily damaged by 
such factors as histamine shock, deep anesthe- 
sia, congestion, and hemodilution. In addition, 
brains of puppies that had died in insulin 
shock (our unpublished data) also failed to 
produce autoradiographic patterns comparable 
to those of hyperbilirubinemia. 

In order to produce increased vascular per- 
meability, a high concentration of bilirubin in 
the blood must be present for a considerable 
time. If this condition is met, kernicterus may 
develop, not only in the newborn but also 
beyond the neonatal period; 2 reports in the 
literature describe such cases. The first, by 
Rosenthal, Zimmerman, and Hardy,?* presents 
a child from a family with a defect of glucoro- 
nide conjugation, who had bilirubin enceph- 
alopathy at the age of 3 years. In the second, 
by Sherlock,?* a deep jaundice developed in 
an adult with malignant biliary obstruction. It 
was associated with well defined basal ganglia 
signs, and autopsy revealed yellow staining of 
these structures. The blood had shown a sur- 
prisingly high level of indirect reacting biliru- 
bin, which was, in the opinion of the author, 
the apparent cause of the nuclear jaundice. It 
should be pointed out that, in both cases, the 
condition arose at a stage at which the blood- 
brain barrier was apparently well developed. 
Thus, there is no need to invoke the concept 
of absence of the blood-brain barrier in the 
neonatal period to explain the pathogenesis of 
kernicterus. 

The main conclusion we would like to draw 
from our observations is that a high concen- 
tration of bilirubin in the blood interferes 
directly with the proper function of the blood- 
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brain barrier. Though the nature of the barrier 
is unknown, it could be postulated that certain 
enzyme systems might participate in its main- 
tenance. Physostigmine** and SH _ inhibitors® 
have been shown to increase the permeability 
of cerebral blood vessels, and it is possible that 
bilirubin may also act in a similar way as an 
enzyme inhibitor. This hypothesis could ex- 
plain the variations in local vulnerability to 
bilirubin. It is possible that local metabolic 
pecularities of the brain may modify the func- 
tion of the blood vessels, as result of which 
there may be certain differences in the effi- 
ciency of the blood-brain barrier from one 
region to another. 


SUMMARY 


Permeability of the cerebral blood vessels 
was studied with radioactive iodinated bovine 
albumin in newborn rabbits, puppies, and 
kittens. Under normal conditions, the blood 
vessels were not permeable to this indicator, 
though some permeation occurred in the sub- 
ependymal regions. Twelve- to eighteen-hour 
hyperbilirubinemia was produced in newborn 
animals by repeated intravenous injections of 
a bilirubin-albumin complex. This induced no 
change of permeability in the rabbits, but, in 
some of the puppies, a definite increase in the 
permeability of the gray matter was observed. 
In kittens, increased permeability developed 
more commonly than in puppies and was 
found in the same areas in which the tissue 
became icteric. 

These observations suggest that hyperbiliru- 
binemia may interfere with the proper func- 
tioning of the blood-brain barrier. They add 
further evidence in favor of species differences 
in the efficiency of the blood-brain barrier. 
Development of brain damage caused by bili- 
rubin may depend on the degree of this effi- 


ciency. 
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Headache in childhood 


Electroencephalographic evaluation of 500 cases 


Wolfgang A. Froelich, M.D., Charles C. Carter, M.D., 
James L. O'Leary, M.D., and Herbert E. Rosenbaum, M.D. 


BETWEEN 1949 and 1959, a total of 850 chil- 
dren 2 to 15 years old were referred for elec- 
troencephalograms because of periodic head- 
ache. Of these, 350 were eliminated because 
organic etiology was suspected. The group 
does not contain cases referred with the tenta- 
tive diagnoses of convulsions, mental retarda- 
tion, subdural hematoma, hydrocephalus, en- 
cephalitis, or meningitis, although many of the 
latter may also have complained of headache. 
An analysis of our results has value as a popu- 
lation study because of the large size of the 
group and the importance headache has as a 
problem in child neurology. 

Significantly often, the reason for referral 
has been the aid expected in ruling out focal 
cerebral pathology. This is perhaps due to a 
widespread impression that nonorganic head- 
aches are uncommon in childhood. For ex- 
ample, Holt and MclIntosh' say that “head- 
aches are not common in little children except 
in connection with disease of the brain or 
meninges; in older children they occur from 
causes similar to those seen in adult life.” 
Senn* remarked that “migraine is uncommon 
in infants and children.” 

However, migraine as a cause of headache 
in children has fair acceptance among neuro- 
logists. Bramwell* estimates that 75% of all 
cases of migraine become apparent before the 
age of 20, Hunt* found that 50% of a series of 
cases of “bilious migraine” started before the 
age of 14. Riley® estimated that 2% of children 
may show an indication of migraine in the first 
decade. Curschmann® concluded that 80% of 
migraine commences in childhood and thought 
that too little attention was given childhood 
migraine in textbooks of either pediatrics or 
neurology. Krupp and Friedman’ observed 
that 35% of 75 children with migraine began 


complaining of headache before the fourth 
year. 

Sir William Gowers* gave the classic de- 
scription of this malady: “Children are some- 
times liable to attacks, probably of the nature 
of migraine, in which there are severe head- 
aches, fever, and sometimes vomiting. The 
condition of the child resembles that of one 
suffering from meningitis, but the symptoms 
develop more rapidly than those of meningitis, 
reaching their height in a few hours from the 
onset. They pass away with equal rapidity. 
Such attacks may recur at intervals of a few 
weeks or months. The rapidity of the onset, 
and the history of previous attacks of the same 
character distinguish them from more serious 
affections. Their recognition is important; 
otherwise you may make a diagnosis of a fatal 
disease and the patient may be well at your 
next visit.” 

For adults, the periodic headache popula- 
tion has been sampled by Ulett, Evans, and 
O’Leary,® who surveyed the electroencephalo- 
graphic findings of 1,000 adults, excluding 
traumatic and other organic causes. They 
found 9.7% of males and 20.5% of females to 
have clearly disordered tracings. This should 
be compared with Cohn’s' series of 824 
selected Navy personnel with headache as an 
isolated “major symptom” showing, only slight- 
ly more abnormal electroencephalograms 
(19.9%) than a control group of 251 subjects 
(14.9%), and Greenblatt’s!! 137 subjects. with 
35% abnormal electroencephalograms. ., \,, 

The electroencephalogram in. migraine of 
adults has been studied by Strayss and Selin- 
sky,!* Engel, Ferris, and Romano,'* Dow and 
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500 RECORDS DISORDERED 
Spike 
22% 
Normal = N 
Paroxys. 
280 Slow 
\ 38% 
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Disordered 
44%, = 
220 


Fig. 1. Histogram comparing percentile 
groups of disordered Be normal tracings 
(left) and breakdown within the disordered 
group (right) 


Whitty,'* Weil,!® and Colony and Stafford.'® 
Literature dealing with the electroencephalo- 
grams of children with recurring headaches is 
not as abundant. Michael and Williams!7 re- 
port but | normal tracing among 11 “migraine” 
children, while Krupp and Friedman'* state 
that electroencephalographic changes were not 
significant in a series of 50 children with mi- 
graine. Livingston'® studied 62 children with 
recurrent headaches; 15 (25%) showed dis- 
ordered electroencephalograms, and, when 
treated with anticonvulsant drugs, two thirds 
of the disordered group were much improved. 
Ziegler and Torres*® reported a case of focal 
spike wave activity in a 6-year-old child with 
headaches but without convulsions. 

‘ The fact that, in our laboratory, headache 
is second only to suspicion of a convulsive 
disorder as a reason for obtaining electroen- 
cephalograms in children is not surprising in 
view of these selections that have been taken 
from the literature. 
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MATERIAL AND METHOD 

In a ten-year period, tracings were collected 
for a total of 850 children ranging in age from 
2 to 15 years. The subjects had been referred 
by physicians because of headaches that oc- 
curred in a variety of patterns. Only waking 
tracings were analyzed, and hyperventilation 
components were eliminated because of diffi- 
culties in assaying them comparatively. His- 
tories, relevant physical findings, and diag- 
nostic impressions were obtained on all out- 
patients, and the hospital records were 
inspected on inpatients. The charts of patients 
who had been hospitalized at St. Louis Chil- 
dren’s Hospital were examined before review 
of the electroencephalographic tracings. The 
350 cases were eliminated because of personal 
history of convulsion, head injury with loss of 
consciousness or skull fracture, neurologic 
sequelae of head injury, encephalitis or men- 
ingitis, proved or suspected brain tumor, 
craniostenosis, or mental retardation. 

The remainder constitutes our series of chil- 
dren without obvious organic etiology. Elec- 
troencephalographic recordings were divided 
into normal and disordered groups with 
borderline or other equivocal tracings being 
included with the normals. The standard of 
normality used was that of Gibbs and Gibbs.*" 
Disordered tracings were classified as slow, 
paroxysmal slow, paroxysmal spike and fast 
according to the important activity. Paroxysm- 
al slow records included those showing higher 
amplitude slow activity of abrupt appearance 
and disappearance. Records classified as par- 
oxysmal slow and paroxysmal spike graded 
into each other. Arousal sequences in children 
were eliminated. In debatable situations, we 
invariably characterized the questionable for- 
mations as paroxysmal slow. Each record was 
reviewed independently by several readers, 
and, in the cases of divisions of opinion, the 
most conservative one was adopted. 


RESULTS 

The 500 records analyzed derived from 285 
males (57%) and 215 females (43%). Of our 
total population 220 tracings were classified as 
distinctly disordered, as shown in Figure 1. 
Of these, the slow disorders accounted for 75% 
(37% slow, 38% paroxysmal slow). Formations 
classifiable as spikes (Fig. 2) occurred in 22% 
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Fig. 2. Tracings from 3 subjects illustrating 
types of disorder classified as spike dysrhyth- 
mias in this series. None had seizure his- 
tories. [A] A 7-year-old girl with history of 
headaches 2 to 3 times per month, of one 
year’s duration. Attacks accompanied by 
nausea and vomiting and followed by sleep 
that relieved the headache. [B] A 13-year- 
old boy who had frontal headaches with 
nausea and vomiting that lasted for two 
hours and recurred at three- to four-week 
intervals. [C] A 7-year-old girl with head- 
aches of throbbing character that recurred 
1 to 2 times weekly and were relieved by 
sleep 


of cases, whereas simple fast tracings were 
found in but 3%. The highest incidence of dis- 
order was evident in those children who were 
between 5 and 13 years of age, as shown in 
Figure 3. 

In one third of our series, an adequate 
family history was not available. In another 
third, there was no family history of migraine 
or epilepsy. The remainder had a positive 
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family history; 81 children with a family his- 
tory positive for migraine, epilepsy, or both, 
showed abnormal tracings, while 78 had nor- 
mal ones. Thus, between these categories, only 
a chance difference existed with respect to 
family history. Familial headache without epi- 
lepsy occurred in 61 families of children with 
disordered tracings as compared with 68 in 
the normal group. Again, the finding suggested 
a chance difference. Epilepsy was present in 9 
families of the normal group as compared with 
10 in the disordered one. The combination of 
epilepsy and migraine occurred in but 3 fam- 
ilies of the normal group as compared with 10 
in the disordered group. 

The incidence of disordered tracings among 
males and females did not differ significantly. 
Of the 215 records from females, 89 (41%) 
showed disorder. Among 285 tracings from 
males, 131 (46%) showed disorder. 

To determine the incidence of disorder in 
relation to severity and type of headache, 2 
categories were evaluated comparatively. The 
first included 271 histories of severe headache 
with phenomena commonly encountered in 
typical migraine, such as nausea, vomiting, 
scotomas, blurring of vision, paresthesias, or 
photophobia. In this group, 139 (51%) had 
disordered tracings. The second group of 229 
cases with history of mild or nonspecific head- 
ache and without symptoms associated with 
migraine syndrome showed 81 (35%) dis- 
ordered tracings. 


100 PERCENTAGE OF DISORDERED TRACINGS 


Years of Age 
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Fig. 3. Graph illustrating the incidence of 
disordered tracings plotted by age groups. 
Note that the highest incidence lies between 
5 and 13 years. 
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DISCUSSION 


The project was undertaken after it had 
become apparent that many children who have 
recurrent headaches have disordered tracings. 
Our interest was further stimulated by the con- 
flicting medical impression that nonorganic 
headache is infrequent in the child. We esti- 
mate that our 500 tracings of nonorganic 
etiology were culled from a total ten-year 
recording of 12,000 to 15,000 children. Thus, 
3 to 4% of all children recorded in an electroen- 
cephalography laboratory appear to be such 
subjects. 

A diagnostic formulation of the recurring 
headache problem aids in separating cases 
with structural disorder from those presenting 
as precursors of adult migraine. The diagnosis 
of nonorganic headache in a child requires a 
history of recurrent headache in conjunction 
with normal physical examination and roent- 
genographic findings. A positive family history 
of recurrent headache may aid; however, this 
was the case in less than one half of the chil- 
dren in our series. A far more significant datum 
is the occurrence of earlier episodes of a sim- 
ilar nature and recovery therefrom, although 
such episodes may not be typically migrainous 
in pattern. It is also important that significant 
neurologic or roentgenographic findings weigh 
heavily in favor of a structural etiology in spite 
of resemblance to symptoms of migraine. 

The reason for the high incidence of dis- 
ordered tracings in this group of children is 
conjectural. If the current theory of the patho- 
physiology of migraine is correct, one might 
assume broadly that vascular instability some- 
how relates to the electroencephalographic 
changes; vascular disturbances have been 
shown to markedly affect the electroencephalo- 
graphic pattern by both clinical and experi- 
mental laboratory experiences. Such disturb- 
ances are nonspecific in character, as are most 
of the disordered patterns in these patients. 

The possibility that the symptom of head- 
ache is a convulsive equivalent becomes 
especially cogent when a classic spike dys- 
rhythmia appears. Such is not unusual when 
headache and convulsion occur together in a 
child. For that reason, cases with spike pat- 
terns that appear with a negative convulsive 
history are possible candidates for anticon- 


NEUROLOGY 


vulsant therapy. Success with cases showing 
overt convulsive formations might lead to in- 
creased use of anticonvulsants in such cases. 


SUMMARY 


A survey of 500 children studied at an elec- 
troencephalography laboratory over a ten-year 
period indicates that nonorganic types of head- 
ache are not uncommon in children. Our inci- 
dence was equally divided between males and 
females, both of whom had an unusually high 
percentage of disordered electroencephalo- 
grams. The significance of these findings is 
discussed. 


The author’s appreciation is extended to Dr. Daniel Holmes 
for his work in collecting histories from the records of pa- 
tients from St. Louis Children’s Hospital. 
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Studies in febrile seizures 


V. Clinical and electroencephalographic study 


in unselected patients 


J. Gordon Millichap, M.D., Jack A. Madsen, M.D., 
and Louis M. Aledort, B.S. 


THE SIGNIFICANCE of seizures associated with 
fever in infants and young children is contro- 
versial.'.> While some investigators attest to 
the benign nature and sanguine prognosis of 
febrile seizures,** others emphasize the grav- 
ity of such symptoms and regard them as evi- 
dence of an organic cerebral lesion.’ In some 
series of patients, the electroencephalogram 
was entirely normal and recurrent nonfebrile 
seizures occurred only in 3 to 5%,*-+ whereas, 
in other series, electroencephalographic abnor- 
malities and recurrent nonfebrile seizures were 
reported in 74 and 31% of patients, respec- 
tively. These wide variations in statistics 
may be explained principally by the different 
criteria employed in selection of cases and by 
differences in definition of terms. 

Prichard and McGreal? divide febrile con- 
vulsions into two categories, simple and atypi- 
cal. In studies by Livingston,* patients whose 
seizures are prolonged, focal in type, or associ- 
ated with electroencephalographic abnormal- 
ities are excluded. These are considered “epi- 
leptic seizures” in which fever acts as a pre- 
cipitating factor. The diagnosis of “simple 
febrile convulsions” is restricted to patients 
under 6 years of age with short, generalized 
seizures and a normal electroencephalogram. 
Similarly, Friderichsen and Melchior* omit 
from their series children with evidence of 
birth trauma and those with cryptogenic epi- 
lepsies. 

The relation of febrile convulsions to other 
epilepsies is widely disputed. Some authors re- 
gard them as a specific disorder distinct from 
the epilepsies, whereas others have used the 
terms, “mild” or a “pure” form of epilepsy.'* 
The evidence for a genetic predisposition to 


febrile seizures is emphasized in support of the 
specificity of febrile convulsions. 

A comprehensive review of the literature by 
Schmidt and Ward? revealed that many of the 
clinical data were inadequate for purposes of 
comparison. The need for reports of unselected 
material was emphasized. The classification of 
febrile convulsions into subgroups on the basis 
of the severity of the seizure, electroencephal- 
ographic abnormalities, and other criteria is of 
practical value in the assessment of prognosis. 
In our understanding of the mechanism of feb- 
rile seizures, however, this arbitrary division 
of cases is confusing. 

The purpose of the present study is to pre- 
sent the clinical and electroencephalographic 
findings in an unselected group of patients 
seen at a municipal general hospital and to 
elucidate further the factors of importance in 
the etiology, mechanism, and prognosis of feb- 
rile seizures. Only those patients who attended 
with febrile seizures during the period of the 
study were included, so that diagnosis based 
on retrospective evidence was avoided. Apart 
from the exclusion of patients with meningitis 
and infections that involve the brain primarily, 
a seizure preceded by a significant degree of 
fever was the only criterion for making the 
diagnosis. 


From the Department of Pediatrics, Albert Einstein Col- 
lege of Medicine, and the Bronx Municipal Hospital 
Center, New York City. 

This study was supported by a grant from Burroughs Well- 
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NO. OF PATIENTS 


AGE IN YEARS 


Fig. 1. Age at onset of febrile seizures in 
110 patients 


MATERIALS AND METHODS 


Between July 1956 and June 1958, all in- 
fants and children who attended the Emer- 
gency Service of the Bronx Municipal Hospital 
Center with a diagnosis of febrile seizures 
were referred to the Pediatric Seizure Clinic 
for complete neurologic study. The data ob- 
tained included a personal and family history, 
physical and neurologic examination, electroen- 
cephalogram, roentgenogram of the skull, and 
blood chemistries. The cerebrospinal fluid was 
examined at the time of the febrile seizure. 
At least seven days were allowed to elapse 
before the electroencephalogram was recorded 
in order to exclude reversible abnormalities 
due to the fever per se.*.® An 8-channel Grass 
apparatus was employed, and both monopolar 
and bipolar records were obtained. The pa- 
tients were examined at intervals of six months 
or more frequently, according to the incidence 
of recurrence of seizures. Those with seizures 
of long duration and refractory to treatment 
or with fever that did not respond rapidly to 
antipyretic measures were admitted to the 
Pediatric Service. 

A record of the following clinical features 
was made on a check sheet prepared especially 
for the study: [1] age at onset and frequency 
of febrile seizures, [2] incidence of recurrence 
of febrile seizures during a single febrile epi- 
sode, [3] cause of the febrile illness, [4] height 
of the fever at the time of the seizure, [5] 
clinical pattern, localization, and duration of 
the seizure, [6] occurrence of nonfebrile sei- 
zures, and [7] possible etiologic factors other 
than fever, such as an inherited predisposition 
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to seizures or an acquired brain lesion due to 
prenatal, natal, or postnatal trauma. 


RESULTS 


Clinical records were obtained in a total of 
110 patients and electroencephalograms in 76 
patients. 

Sex and race. Febrile seizures were approxi- 
mately twice as common in boys as in girls; 
62% of patients were male and 38% female. 
The incidence in white, Negro, and Spanish- 
American races was 53, 26, and 21%, respec- 
tively; a similar racial distribution was ob- 
served in the general pediatric population at 
the Bronx Municipal Hospital Center, and the 
propensity to febrile seizures was not signifi- 
cantly greater in white compared with other 
races. 

Age at onset and frequency of febrile sei- 
zures. The first febrile seizure occurred most 
commonly between 6 months and 3 years of 
age. An onset before 6 months was observed 
only in 2 patients and after 5 years, in 6; the 
latest age of onset was 8 years (Fig. 1). 

Febrile seizures had recurred in 58 patients 
(54%) at the completion of the period of study, 
and the incidence of recurrence was greater 
than 4 only in 13 patients (12% of the total), 
as shown in Figure 2. They recurred as late 
as 7, 8, and 9 years of age, in 2, 1, and 4 pa- 
tients, respectively, and with equal frequency 


TABLE 1 
CAUSES OF 144 FEBRILE EPISODES ASSOCIATED 
WITH FEBRILE SEIZURES IN 110 PATIENTS 


F ebrile illness 


Incidence 
Acute tonsillitis or pharyngitis 54 
Otitis media 17 
Measles 7 
Acute bronchitis or pneumonia 6 
Gastroenteritis 3 
Chickenpox 2 
Roseola infantum 1.5 
Mumps 1.5 
Rubella 0.5 
Herpangina 0.5 
Unknown 7 
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TABLE 2 
CLINICAL FINDINGS IN PATIENTS WITH FEBRILE SEIZURES UNCOMPLICATED AND 
COMPLICATED BY NONFEBRILE SEIZURES 
Febrile and 
Febrile seizures nonfebrile Total patients 
Clinical findings alone seizures uated 
%o Jo To 
Focal febrile seizures (11/77) 14 (3/16) 18 (14/93) 15 
Prolonged febrile seizures (8/69) 12° (5/10) 50° (13/79) 16 
Electroencephalographic seizure discharges (7/38) (18/76) 24 
Personal history of: 
Prenatal injury 20 27 21 
Natal injury 17+ 33+ 20 
Postnatal head injury 15 27 17 
Allergy 20 22 20 
Recurrent behavior disorder 34 44 35 
Recurrent abdominal pain or vomiting 17t 39t 21 
Family history of: 
Febrile seizures 30 33 30 
Nonfebrile seizures 26 39 28 
Recurrent seizures 20§ 39§ 23 
Fainting attacks 9 16 10 
Migraine 14 16 14 
Allergy 35 50 38 
Number of patients 77 18 95 
Differences 9.5, P<0.01 Differences not significant: +—P>0.2<0.3 
2-153, Po0.001 $—-P50.05<0.10; §—-P>0.1<0.2 


in both sexes; 52% of male and 59% of female 
patients had more than 1 seizure. 

In this analysis, a second, third, or fourth 
seizure within forty-eight hours and in associ- 
ation with a continued fever was included as 
a single seizure episode; 1 recurrence of this 
type occurred in 17% of patients and more 
than 1, in a further 17%. 

Cause of fever. A total of 144 febrile epi- 
sodes was recorded in 110 patients. The causes 
of the fever and the frequency of their occur- 
rence are shown in Table 1. In the majority of 
patients, the febrile seizure was associated 
with acute tonsillitis, pharyngitis, or otitis 
media. By definition, seizures associated with 
infections of the central nervous system were 
not regarded as febrile seizures. 

Height of the fever. A body temperature of 


38.3° C. (101° F.) or above taken rectally im- 
mediately before or at the onset of the seizure 
was regarded as a significant degree of fever. 
the mean of 149 recordings of body tempera- 
ture in 110 children with febrile seizures was 
40°C. (104° F.); the range was 38.5 to 
41.4° C. (101.2 to 106.5° F.). 

Pattern, localization and duration of sei- 
zure. A clonic type of seizure pattern was 
reported in 84% of 96 patients and was associ- 
ated with a tonic component in 57%. The 
pattern was principally tonic in only 7% and 
flaccid or akinetic in 5%. It was not docu- 
mented in the remainder. Febrile seizures were 
focal in type in 15%; the incidence of a focal 
pattern was not significantly greater in patients 
who subsequently had spontaneous seizures 


(Table 2). 
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TABLE 3 
RELATION OF LENGTH OF FEBRILE SEIZURE TO INCIDENCE OF NONFEBRILE 


Clinical findings 


Nonfebrile seizures 


Recurrent seizures 


+—2=9.3, P<0.01 
§—.°=4.6, P<0.05 


The duration of seizures was recorded in 
79 patients; the longest seizure in each patient 
was less than five minutes in 43%, five to ten 
minutes in 22%, ten to twenty minutes in 19%, 
and more than twenty minutes in 16%. In 13 
patients who had at least 1 febrile seizure that 
lasted longer than twenty minutes, spontan- 
eous seizures occurred subsequently in 5 (38%) 
and were recurrent in 4 (30%); the electroen- 
cephalogram was abnormal in 36% of patients 
in this group. The incidence of nonfebrile 
spontaneous seizures and of seizure discharges 
in the electroencephalogram was significantly 
greater in patients with prolonged febrile sei- 
zures than in those with seizures that lasted 


for periods of less than twenty minutes 
(Table 3). 
FEBRILE 
N 
j 
> % 
44 
— 
10 15 2 30 35 


FEBRILE SEIZURES PER PATIENT 


Fig. 2. Frequency of febrile seizures in 110 
patients and occurrence of nonfebrile seizures 


Number Per cent Per cent 
5 8° 5 38° 
3 5+ 4 30+ 
5/48 10$§ 4/11 36§ 
66 84 13 16 


Incidence of nonfebrile seizures. Spontan- 
eous nonfebrile seizures occurred in 18 (17%) 
of a total of 107 patients evaluated. The sei- 
zures were recurrent in 13 patients (12%), and, 
of these, 6 had only 1 recurrence, 3 had 5 
seizures, and 4 had numerous seizures unasso- 
ciated with fever. Seizures of the psychomotor 
tvpe occurred in 1 patient. Figure 2 shows the 
number of patients with spontaneous seizures 
in relation to the frequency of recurrence of 
febrile seizures. In 12 of 18 patients, more 
than 2 febrile seizures had occurred before 
onset of spontaneous seizures; in 4 patients, 
spontaneous seizures anticipated or occurred 
close to the onset of febrile seizures. The ab- 
sence of spontaneous seizures in 3 patients 
who had 20 and 25 recurrences of febrile sei- 
zures was exceptional. The average age at 
onset of nonfebrile seizures was 4 years and 
that of febrile seizures in the same group of 
patients was 1% years. The age at onset of 
seizures in each of the 18 patients is shown 
in Figure 3. The clinical findings in patients 
with febrile seizures alone and in those with 
nonfebrile seizures in addition are compared 
in Table 2. 

Additional episodic symptoms. Recurrent 
attacks of disordered behavior were reported 
in 35% of patients and were manifested by 
aggression, temper tantrums, and hyperactiv- 
ity. Recurrent and episodic abdominal pain or 
vomiting without evidence of visceral path- 
ology occurred in 21%; patients with nonfebrile 
seizures were affected more commonly than 
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SEIZURES AND ELECTROENCEPHALOGRAPHIC ABNORMALITIES 
Duration of febrile seizures 
Po Less than 20 minutes More than 20 minutes 
Electroencephalographic abnormalities 
Number of patients 
Significance of differences: *—x°=9.5, P<0.01 
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those with febrile seizures alone, but the dif- 
ference in incidence was not quite significant 
(Table 2). 

History of possible brain injury. Prenatal 
injury. The following evidence of possible brain 
injury occurring during the fetal stage of devel- 
opment was obtained in 21% of patients. The 
frequency of occurrence of each disorder is 
shown in parentheses: small repeated vaginal 
hemorrhages during the first and third trimes- 
ters of pregnancy (8); toxemia of pregnancy 
(7); frequent major convulsions in the mother 
during pregnancy (1); direct trauma to the 
mother’s abdomen (1); rubella and mumps at 
the fourth month of gestation (2). Natal in- 
jury. A history of abnormal birth and symp- 
toms suggestive of brain injury were recorded 
in 20% of patients. One or more of the follow- 
ing abnormalities was possibly contributory: 
prematurity (8); asphyxia (9); cesarean sec- 
tion (3); breech delivery (2); precipitant 
birth (1); cord around the neck (1); Rh in- 
compatibility with jaundice and maximal bili- 
rubin level of 5.4 mg. per cent (1). Postnatal 
head injury. Head trauma after birth but be- 
fore onset of seizures had occurred in 16 pa- 
tients (17%) and consciousness was lost in 3. 
Febrile seizures followed trauma of mild de- 
gree within twenty-four to seventy-two hours 
in 5 patients. The higher incidence of possible 
cerebral injury in patients who subsequently 
had nonfebrile seizures was not significant 
(Table 2). 

History of allergy. Allergies occurred in 20% 
of patients as follows: asthma (6); eczema (5); 
hypersensitivity reactions to orange juice (4), 
to foods such as wheat, fish, chocolate, and 
nuts (5), to penicillin (4), to chlortetracycline 
(1), and to sulfonamides (1). A family history 
of the following allergies was obtained in 38% 
of patients: asthma (15); hay fever (8); hyper- 
sensitivity reactions to foods including orange 
juice, chocolate, and veal (4), to penicillin (4), 
to sulfonamides (1), and to animal hair (1). 

Family history of seizures. A history of 
febrile seizures in near or distant relatives was 
obtained in 30% of patients, and nonfebrile 
seizures had occurred in relatives of 28%. Non- 
febrile seizures were recurrent in relatives of 
23%. A family history of attacks of fainting or 
migraine was obtained in 10 and 14% of pa- 
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tients, respectively. A predisposition to spon- 
taneous seizures was inherited as frequently 
as that to febrile seizures and was not signifi- 
cantly more frequent in patients with spon- 
taneous as well as febrile seizures. 

Neurologic examination. Abnormalities were 
found in 20% of patients. These included 
strabismus (1), Todd’s hemiparesis (2), mild 
hypotonia (3), hyperkinesia (6), retarded motor 
development (3), and mental retardation (6). 
Congenital anomalies were present as follows: 
retrolental fibroplasia (2), Klippel-Feil syn- 
drome and cleft palate (1), and atresia of the 
auditory canal (1). 

Physical development. Height and weight 
were above the ninetieth percentile in 20 and 
13% of patients, respectively; values below the 
tenth percentile were recorded only in 4%. 
Measurements were available in 54 patients. 

Lumbar puncture was performed in 86 pa- 
tients, and no abnormality was observed in the 
cerebrospinal fluid. The concentration of sugar, 
estimated in all specimens, was greater than 
80 mg. per cent in 24 and 100 mg. per cent 
or higher in 11; abnormally low concentrations 
were not reported. Patients whose seizures 
were associated with infectious fevers, such as 
measles, chickenpox, mumps, and roseola in- 
fantum, were examined closely for direct in- 
volvement of the central nervous system and 
signs of encephalitis or meningitis were not ob- 
served. Roentgenograms of the skull performed 
in 65 patients were normal in 64; an occipital 
defect was reported in the patient with Klip- 
pel-Feil syndrome. 

Blood chemistries were determined within 
one or two hours of a febrile seizure in a 
limited number of patients. The level of serum 
sodium was 130 mEq. per liter or lower in 4 
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Fig. 3. Age at onset of seizures in 18 pa- 
tients with both febrile and nonfebrile sei- 
zures 
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TABLE 4 
ABNORMALITIES OF THE ELECTROENCEPHALOGRAM IN PATIENTS WITH FEBRILE SEIZURES 


UNCOMPLICATED AND COMPLICATED BY NONFEBRILE SEIZURES 


Febrile and 


Febrile seizures nonfebrile Total patients 

Electroencephalographic abnormalities ne seizures evaluated 
Centrencephalic 5 8 13 
Focal ‘ 4 7 
Paroxysmal discharges: 

Sporadic spikes 1 2 3 

Sporadic sharp waves 1 1 2 

Sporadic spike and wave 1 1 

Rhythmic, 3-per-second spike and wave 2 2 

Rhythmic, high voltage slow waves 7 10 17 

Rhythmic, 14-per-second positive spikes 1 1 
Asymmetry of amplitude 3 1 4 
Asymmetry of rhythm 3 3 
Exaggerated response to hyperventilation 2 3 5 
Number of patients 58 18 76 
Patients with seizure discharges 7 (12%)° 18 (24%) 


*Difference significant: x’°=15.3, P<0.001 


(24%) of 17 patients and 131 to 138 mEq. per 
liter in the remainder. Calcium, phosphorus, 
nonprotein nitrogen, and sugar were within 
normal limits in 5 patients examined. 

Electroencephalographic findings. At least 
1 electroencephalogram was obtained in each 
of 76 patients of this series. Some patients had 
2 or 3 electroencephalograms, and the total 
number of records was 89. Sleep and hyper- 
ventilation as activating procedures were em- 
ploved in 52 and 20% of patients, respectively. 
In the remainder, a study of the response to 
hyperventilation was precluded by the age of 
the patient and lack of cooperation. 

Normal records were obtained in 52 patients 
(68%). Abnormalities and the frequency of 
their occurrence are listed in Table 4. The 
findings in patients with febrile seizures alone 
and in those with nonfebrile seizures in addi- 
tion are compared. Borderline abnormalities 
found in 6 patients (8%) consisted of minor 
degrees of slow or fast activity or amplitude 
asymmetries. Figure 4B shows an example of 
a borderline record. Paroxysmal high voltage 
seizure discharges were observed in 18 (24%) 


11 (61%) * 


and occurred with significantly greater fre- 
quency in patients with nonfebrile seizures 
(61%) than in those with febrile seizures alone 
(12%). Centrencephalic seizure discharges are 
shown in Figures 5 and 6 and an example of 
a focal discharge in Figure 7. In patients with 
abnormal records, the incidence of focal sei- 
zure discharges was not significantly greater 
in the group complicated by nonfebrile sei- 
zures. 

The responses to sleep and hyperventila- 
tion were tested in 38 and 50%, respectively, 
of patients whose electroencephalograms were 
found abnormal and in 56 and 10% of patients 
with normal or borderline records. The differ- 
ence in the incidence of sleep records in the 2 
groups was not significant, and the more fre- 
quent recording of the hyperventilation re- 
sponse in patients with abnormal electroence- 
phalograms could be related to age and a more 
satisfactory performance of the test. Of 18 
patients with seizure discharges in the elec- 
troencephalogram, 13 (72%) were 5 to 10 years 
of age when the record was taken, whereas 
only 9 (15%) of 58 patients with normal or 
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Fig. 4. (P.R.) [A] at 8 months of age: elec- 
troencephalogram showing asymmetry with 
low voltage activity over the left hemisphere 
and irregular high voltage slow waves on the 
right. A bipolar record showed the same 
asymmetry. [B] At 18 months of age: no 
asymmetry but bursts of aweeeeneel. posi- 
tive spikes in central-parietal leads during 
sleep. At 8 months of age, the infant had 
2 seizures within six hours during fever of 
105° F.; no recurrence was reported at 18 
months of age. The clonic, focal seizures 
were confined to the left side. Pregnancy 
was complicated by toxemia, but birth his- 
tory and development were normal. 


borderline records were in this age group 
(Fig. 8). 

Spontaneous seizures had occurred in 11 
patients (61%) with abnormal electroencephal- 
ograms and in 7 patients (12%) whose records 
showed no significant abnormality. The pa- 
tients with abnormal records were 3 to 10 
years of age (average, 7 years) and those with 
normal records were 1 to 7 years (average, 
3 years). 


DISCUSSION 


Factors concerned in the etiology, mech- 
anism, threshold, and prognosis of febrile sei- 
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Fig. 5. (K.S.) show- 
ing centrencephalic-type, spike and slow 
wave discharge. The patient had 2 seizures 
with fever of 105 and 106° F. at 9 months 
and 7% years of age and 1 seizure without 
fever at 7 years. 


4 4 
mall A 


WL. SYEARS 


cat / 
j 
Rat ALL TO MIDLINE 


it ([sopv 


| 


Fig. 6. (M.L.) Electroencephalogram show- 
ing centrencephalic-type slow wave dis- 
charge. The patient had febrile seizures at 
3 months =i 6 years of age. The tempera- 
ture before the second seizure was 104.6° F. 


zures will be discussed with reference to the 
present clinical findings and the results of pre- 
vious laboratory studies.1°-!* 

Etiology, mechanism, and threshold. Fever. 
The recognition of fever at the onset of a con- 
vulsion is a sine qua non in the diagnosis of 
febrile seizures. In laboratory animals with 
induced hyperthermia and in children with 
infection, the height of the body temperature 
was the essential factor in the etiology of 
febrile seizures.’ In the present study, some 
children with a low seizure threshold con- 
vulsed with fever of 38.3° C. (101° F.), where- 
as others with a high threshold had seizures 
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Fig. 7. (W.C.) Electroencephalogram show- 


ing spike and slow wave focus with phase 
reversal in left occipital area. A moderately 
retarded boy with retrolental fibroplasia. He 
had 3 seizures with fever higher than 102° F. 
between 2 and 3 years of age, each of which 
lasted one-half to one hour and 1 of which 
was focal with onset in the right arm; 2 
generalized convulsions occurred subsequent- 
ly without fever at 3% and 4 years of age. 


Normal EEG 


Abnormal EEG 


PATIENTS WITH 
EEG RECORDS 


AGE IN YEARS 
Fig. 8. Age at the time of electroencephalo- 
graphic recording in 76 patients with febrile 
seizures. Abnormal records are those with 
recurrent and paroxysmal seizure discharges. 


when the body temperature was 41.4° C. 
(106.5° F.). 

In animals, the threshold convulsive tem- 
perature varied with age and the maturation 
of the balance of water and electrolytes in the 
brain," but, apart from rats aged 3 to 7 days 
which convulsed at relatively low body tem- 
peratures, the seizure threshold was consider- 
ably higher than that of children. The disparity 
between the mean values of the convulsive 
temperature observed in children and in ani- 
mals may be explained by differences in de- 
gree of maturation or by a lowered threshold 
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to febrile seizures in children, which is fre- 
quently inherited. Further, the source of fever 
may be important; in children with infection, 
a factor in addition to the degree of hyper- 
thermia may be involved in the seizure mech- 
anism. 

Infection. The significance of infection in 
the etiology of febrile seizures is difficult to 
assess. It has been suggested that the brain is 
involved directly in infections such as roseola 
infantum (exanthema subitum)!* and that a 
generalized alteration in the permeability of 
cell membranes and capillaries with cerebral 
damage may result from the toxic products of 
other infections.'* As in other series of pa- 
tients, we have found that febrile seizures 
occur most commonly with acute infection of 
the upper respiratory tract.*-+-15 The frequency 
of association with acute tonsillitis, pharyn- 
gitis, and otitis media may be explained by the 
prevalence of these infections in young child- 
ren between the ages of 1 and 3 years. Roseola 
infantum was the cause of fever in only 2 of 
our patients; the cerebrospinal fluid was nor- 
mal, and there was no evidence of an enceph- 
alitic process. Our findings agree with those 
of Livingston,* and, without more specific indi- 
cations of direct cerebral involvement, the rela- 
tive frequency of febrile seizures in patients 
with roseola infantum may be explained by the 
consistently high fever found with this infec- 
tion. 

Allergy. That hypersensitivity reactions may 
be important in the initiation of seizures in 
some patients is suggested by the relatively 
high incidence of allergic symptoms in our pa- 
tients and their relatives. Immune reactions 
to the toxic products of infecting organisms" 
may occur, and the patient may be allergic to 
penicillin, aspirin, and other agents used in 
the treatment of the febrile illness. The role of 
histamine and allergy in the initiation of the 
seizure discharge has been discussed in a pre- 
vious communication.!® 

Water and electrolyte imbalance. The thresh- 
old to febrile seizures may be lowered in ani- 
mals by the experimental induction of hypo- 
natremia, and low levels of serum sodium have 
been observed in close relation to the occur- 
rence of febrile seizures in children.! In 
patients susceptible to febrile seizures, the 
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hazards of water intoxication’? should be em- 
phasized and the rapid administration of hypo- 
tonic parenteral solutions during acute febrile 
episodes should be avoided. 

Carbonic anhydrase that catalyzes the hy- 
dration and dehydration of carbon dioxide is 
intimately involved in the metabolism of water 
and electrolytes in the brain. The enzyme 
appears to be essential for the propagation and 
generalization of a seizure discharge;'* its 
activity in the brain is directly related to the 
development of susceptibility to various sei- 
zure patterns in the young.!® Infants have 
relatively low levels of carbonic anhydrase in 
the brain,?° and their threshold to seizures is 
high compared with children of 4 to 8 years 
of age, who are most susceptible to crypto- 
genic epilepsies.*-'5 Since enzyme activity is 
accelerated by a rise in body temperature, 
however, it might be expected that suscepti- 
bility to febrile seizures would develop at an 
earlier age than that to spontaneous seizures. 

Age. Febrile seizures occur most commonly 
between 6 months and 5 vears of age. An 
onset before 3 months and a recurrence after 
9 vears was not observed in the present study. 
Laboratory experiments suggest that the high 
threshold to seizures in the newborn is related 
to a low concentration of carbonic anhydrase 
and a reciprocal high level of carbon dioxide 
in the brain,2! whereas the resistance to febrile 
seizures in older children and adults may be 
due to changes in the balance of water and 
electrolytes with maturation" and the possible 
development of enzyme systems that inhibit 
the seizure discharge. The increased suscept- 
ibility of young compared with adult rats has 
been correlated with the developmental 
changes in the ratio of intracellular to extra- 
cellular cations in the brain. 

An alternative or additional but less plaus- 
ible explanation for the predilection of the 
febrile seizure for the young is the increased 
exposure and susceptibility to upper respira- 
tory tract infection at this age. However, the 
almost complete absence of seizures of this 
type in children more than 10 years of age 
would militate against this theory. 

Sex. The influence of sex on the suscepti- 
bility to febrile seizures is dicussed by W. 
Lennox.! In the present series of patients and 
in that of M. Lennox,?2 males were affected 
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twice as commonly as females. An increased 
liability to congenital defects and birth injuries 
has been postulated as a possible explanation 
for the high incidence of lowered seizure 
threshold in the male. 

Heredity. In contrast to a number of pre- 
vious reports,!*:7 evidence for an inherited 
predisposition to febrile seizures, obtained in 
one third of patients of this series, was equally 
strong in those who suffered from nonfebrile 
seizures in addition. Further, a tendency to 
nonfebrile seizures was inherited no less fre- 
quently than that to febrile seizures. It is sug- 
gested, therefore, that the genetically deter- 
mined abnormality that may result in a low 
threshold to febrile seizures is of the same 
nature as that which may underlie suscepti- 
bility to spontaneous seizures in some patients. 
In febrile states, the tendency to seizures is 
enhanced and is manifested at an earlier age. 

In our understanding of the mechanism of 
seizures, therefore, a distinction between feb- 
rile seizures and the epilepsies is unjustified 
on the basis of genetic evidence obtained in 
the present study. It is admitted, however, 
that a number of authors have reported a 
genetic predisposition to febrile seizures in a 
greater proportion of patients. Our data con- 
trast with these observations, and our conclu- 
sions are similar to those of W. Lennox,! who 
regards the febrile seizure as an epilepsy. 

Acquired brain injury. In patients with a 
tendency to seizures acquired factors may also 
be important in etiology. Bridge** and Peter- 
man® emphasize the organic basis for febrile 
seizures. Indeed, Peterman states that a febrile 
convulsion is a symptom of an organic cerebral 
lesion precipitated by an elevated body tem- 
perature. In a study by W. Lennox,’ however, 
evidence of antecedent cerebral pathology was 
found less frequently in patients whose initial 
seizures were febrile than in those who pre- 
sented with spontaneous seizures. Neverthe- 
less, in the present series of patients, a history 
of birth trauma was obtained in 20%. In child- 
ren who subsequently had nonfebrile seizures, 
the incidence of trauma was twice that found 
in the group with febrile seizures alone, but 
the difference was not significant. 

It seems, therefore, that the threshold to 
febrile seizures may be lowered by an inher- 
ited and functional cerebral defect or by ac- 
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quired and structural lesions of the brain. With 
cryptogenic seizures, prognosis is good; with 
acquired brain pathology, the seizures are 
more severe and persistent. 

Prognosis. Recurrence of seizures. The inci- 
dence of recurrence of febrile seizures in the 
present series of patients was approximately 
the same as that observed in studies of much 
longer duration.'* Febrile seizures are likely 
to recur in 50 to 60% of patients, but only 10 
to 20% will have more than 4 seizures. 

During a single febrile episode, the chance 
of seizure recurrence was about | in 3, an inci- 
dence somewhat higher than that reported by 
other workers. The patients were admitted to 
the ward because of continuous fever refrac- 
tory to antipyretic therapy. Wegman** has 
emphasized the importance of a rapid rise in 
temperature at onset of infection in the mech- 
anism of febrile seizures, but the present data 
belie this conception. In addition, laboratory 
studies have shown that, in animals subjected 
to febrile seizures, a postictal elevation in 
threshold occurs.'* Thus, a higher body tem- 
perature would be needed to induce a second 
seizure, and the infrequent recurrence despite 
continued fever may be explained. 

Spontaneous nonfebrile seizures. Apart from 
rare postictal paralysis, the most serious com- 
plication of febrile seizures is the occurrence 
of seizures without fever. In patients reviewed 
by W. Lennox,! the interval between febrile 
seizures and the onset of spontaneous seizures 
varied from one month to thirty-five years and 
was less than one year in 53% of patients; non- 
febrile seizures were first to occur in 6%. The 
follow-up period in the present study ranged 
from six months to two years with an average 
of twelve months, and the proportion of pa- 
tients with nonfebrile seizures is probably 
lower than expected in an unselected group. 

At the completion of the study, spontaneous 
seizures had occurred in 17% of patients; they 
were recurrent in 12% and frequent in only 4%. 
Approximately the same incidence of nonfeb- 
rile seizures is reported by Buchanan? and 
Zellweger.*® An analysis of the literature re- 
veals that the assessment of prognosis by other 
investigators is similar when allowance is made 
for selection of cases and the term epilepsy is 
used to define either a single or frequent re- 
currence of nonfebrile seizures. W. Lennox! 
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reports subsequent spontaneous seizures in 77% 
of patients but stresses the limitations of retro- 
spective studies in which a high proportion of 
adult patients with chronic epilepsies is in- 
cluded. He concludes that less than 5% of 
children whose initial seizure is fever-induced 
may later have spontaneous seizures. Fride- 
richsen and Melchiort diagnose epilepsy in 3% 
of patients in a selected series but admit to 
the subsequent occurrence of nonfebrile con- 
vulsions in 20%. Thus, the extreme disparity in 
reports by various authors may be reconciled; 
in an unselected group of patients with febrile 
seizures, convulsions without fever may be 
expected in approximately 20% and may recur 
frequently in 5%. A higher percentage of pa- 
tients may be affected when less overt forms of 
seizure activity are included. 

With respect to the patterns of subsequent 
seizures, an undue proportion of patients with 
psychomotor seizures is reported by W. 
Lennox,' which suggests that febrile seizures 
may sometimes be attended by temporal lobe 
lesions. Of patients in the present study, only 
1 had typical psychomotor-type seizures, but 
recurrent and paroxysmal behavior disturbance 
occurred in 35%. The frequent history of peri- 
odic attacks of abdominal pain and vomiting 
without evidence of visceral pathology was 
suggestive of an autonomic or diencephalic 
seizure disorder.2* A centrencephalic type of 
abnormality was found in 65% of patients with 
seizure discharges in the electroencephalo- 
gram, and the probable involvement of sub- 
cortical structures in febrile seizures, as sug- 
gested by Schmidt and Ward,? is supported. 

Abnormalities in the electroencephalogram 
and febrile seizures of long duration were the 
principal criteria indicative of a poor prog- 
nosis. In contrast to previous reports,*.*5 the 
occurrence of focal febrile seizures was unre- 
lated to the development of nonfebrile sei- 
zures. Descriptions of patterns of seizures, 
even by medical observers, may be unreliable, 
but the absence of spontaneous seizures in a 
number of patients with focal abnormalities in 
the electroencephalogram limits the signifi- 
cance of this factor in assessing prognosis. 

In patients with 1, 2, and 3 recurrences of 
febrile seizures, the incidence of spontaneous 
seizures was directly related to the frequency 
of febrile seizures. Conventional anticonvul- 
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sant drugs are of doubtful value in the treat- 
ment of fever-induced seizures'? but may have 
been responsible for the failure of spontaneous 
seizures to develop in 3 patients who had 20 
and 35 recurrences with fever. 

The harmfulness of convulsions associated 
with fever is emphasized in some reports,!*-2° 
and the occurrence of nonfebrile seizures has 
been attributed to brain injury sustained dur- 
ing an initial febrile convulsion. That hyper- 
pyrexia with prolonged convulsions may re- 
sult in neuronal necrosis and permanent brain 
damage is well known. Present evidence sug- 
gests, however, that febrile seizures generally 
do not predispose to spontaneous seizures but 
that this complication is dependent upon gen- 
etic or acquired etiologic factors that are com- 
mon to both types of seizures. 


SUMMARY 


In an unselected group of 110 patients with 
febrile seizures, nonfebrile seizures occurred in 
17%, recurred in 12%, and were frequent in 4%. 
Recurrent attacks of abdominal pain and vom- 
iting in 21% suggested a concomitant auto- 
nomic seizure disorder. Psychomotor seizures 
occurred only in 1 patient, but episodic behav- 
ior disturbance was reported in 35% of patients. 
Seizure discharges in the electroencephalogram 
were observed in 24% of 76 patients tested. 

The etiology and mechanism of febrile sei- 
zures are dependent upon a rise in body tem- 
perature in a patient with a low threshold to 
seizures. Fever accelerates metabolic processes 
that facilitate the spread of a seizure dis- 
charge. Toxic products of infecting organisms, 
hypersensitivity to certain allergens, and elec- 
trolyte imbalance may be contributory. 

The height of the body temperature at 
which a seizure occurs is an index of the feb- 
rile seizure threshold. Age, immaturity of cere- 
bral electrolyte balance, sex, heredity, and 
acquired brain pathology are important deter- 
minants of a low threshold to febrile seizures. 

A tendency to nonfebrile seizures appears 
to be dependent upon the same hereditary and 
acquired factors as those important in febrile 
seizures. 


The authors wish to thank Miss Molly Cox for the elec- 
troencephalographic recordings. 
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Differentiation of tumors arising in area 


of the posterior third ventricle 


John S. Tytus, M.D. 


Tumors arising in the region of the posterior 
third ventricle present an unusual problem to 
the clinician since current methods of treat- 
ment preclude direct visualization of these 
growths and the reassuring microscopic con- 
firmation of their cell type.'-* Although ex- 
amples of successful removal of pinealomas 
have been recorded,*-* it was found some 
time ago that direct attack upon tumors in 
this region was usually disastrous. Most sur- 
geons have felt obliged, therefore, to content 
themselves with temporizing measures such as 
third ventriculostomy, ventriculocisternostomy, 
or subtemporal decompression, seeking more 
durable effects from radiotherapy.'-* Since 
pinealomas are relatively sensitive, this form 
of treatment has been, by and large, successful. 

However, infiltrating gliomas also appear in 
this region, which, from the standpoint of their 
ventriculographic appearance, may be indis- 
tinguishable from the pinealomas. These tu- 
mors progressively infiltrate the brain stem 
and, not being particularly radiosensitive, may 
cause death within a few months in spite of 
the above measures. 

At the present time, then, there is little to 
offer patients with infiltrating gliomas of this 
region. They would, however, derive some 
benefit from a more accurate appraisal, and 
radiation therapy, with the prolonged hospi- 
talization it necessitates, could be avoided. 

In addition, patients with papilledema and 
cerebellar signs have often undergone posterior 
fossa explorations because of ventriculographic 
evidence of dilated lateral and third ventricles 
with nonvisualization of the cerebral aqueduct 
and fourth ventricle.*+ Some time later, they 
are found to have neoplasms infiltrating the 
cerebral aqueduct. Careful clinical assessment 
might more accurately localize these tumors, 
thereby obviating cerebellar exploration. 
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We have compared two groups of patients, 
one with pinealomas and the other with gli- 
omas in the region of the posterior third ven- 
tricle, and have attempted to differentiate one 
group from the other on the basis of neuro- 
logic findings alone, as they relate to the in- 
volvement of various functional components 
in the underlying brain stem. 


ANATOMY 


Fibers responsible for following upward 
movements of the eyes are carried in the in- 
ternal corticotectal tract that passes from areas 
18 and 19 of the occipital and _preoccipital 
cortices to the anteriomedial and medial por- 
tions of the superior colliculi, as demonstrated 
in Figure 1. Here, they synapse with tecto- 
oculomotor fibers that descend to that part of 
the oculomotor nucleus that is responsible for 
following conjugate movements of the eyes 
above the plane of the horizon. Impulses 
mediating following conjugate movements of 
the eyes in the downward direction discharge 
through the same pathway but end in the 
posterolateral portions of the superior colliculi. 

The corticobulbar tracts mediating volun- 
tary upward and downward movements of 
the eyes are also shown in Figure 1. They 
descend from the frontal motor eye fields and, 
at superior collicular levels, turn off from the 
cerebral peduncle into the tegmentum of the 
midbrain to synapse in the contralateral and 
ipsilateral oculomotor nuclei. 

Fibers contributing tonicity to upward gaze, 
and probably to other directions of gaze as 
well, ascend in the flocculooculomotor com- 
ponent of the superior cerebellar peduncle in 


From the Department of Surgery, Scetion of Neurosurgery, 
University of Michigan Hospital, Ann Arbor, and the De- 


partment of Neurology and Neurosurgery, Mason Clinic, 
Seattle. 


TUMORS IN AREA OF POSTERIOR THIRD VENTRICLE 


the tegmentum of the midbrain from the floc- 
culus of the cerebellum to the third nerve 
nucleus. 

Theoretically, then, one should be able to 
distinguish three components of upward gaze, 
and a defect in any one should be localizing. 
Clinically, however, it is virtually impossible to 
make this differentiation. 

Figure 2 diagrams the fibers from the retina 
responsible for the pupillary reaction to light, 
which are relayed through the optic nerves 
and tracts to the pretectal nuclei located im- 
mediately below and just in front of the supe- 
rior colliculi. Here, synapse is made with fibers 
that descend to the Edinger-Westphal nucleus. 
This last mentioned nucleus provides a pre- 
ganglionic component of the third nerve which 
mediates constriction of the pupil by way of 
the ciliary ganglion. 

The superior cerebellar peduncle arises chief- 
ly from the dentate nucleus and ascends in the 
tegmentum of the midbrain, where it decus- 
sates at inferior collicular levels just before it 
reaches the red nucleus (Fig. 3). After synaps- 
ing in part with the red nucleus, it continues 
superiorly to the nucleus ventralis lateralis of 
the thalamus. Here, synapses are made with 
fibers that extend to areas 4 and 6 of the cere- 
bral cortex by way of the posterior limb of 
the internal capsule. Involvement of this tract 
anywhere along its course will produce signs 
of cerebellar dysfunction. 

Pathways concerned with wakefulness and, 
possibly, emotional expression arise in the 
caudal hypothalamus and descend as the dor- 
sal and posterior hypothalamotegmental tracts 
to superior collicular levels, where they end in 
the tegmental gray above and below the red 
nucleus. Figure 4 demonstrates this pathway. 
Emotional expression may also be influenced 
by the dorsal longitudinal fasciculus, which 
arises from almost all nuclei of the hypothala- 
mus and descends in the periaqueductal region 
of the brain stem to terminate on the various 
motor nuclei of the cranial nerves. Direct corti- 
cotegmental tracts from the various cortical 
areas, including temporal lobe and cingulate 
gyrus, also discharge to the red nucleus and 
the deep tegmental gray adjacent to it. These 
systems play a part in emotional expression as 
well as serving to supplement various pyrami- 
dal tract activities. 
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CORTICO-BULBAR TRACT 
OCULAR DIV. 


Fig. 1. Pathways responsible for following 
and voluntary movements of the eyes in the 
upward direction 
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Fig. 2. Fibers mediating the pupillary re- 
action to light 


CLINICAL MATERIAL 


For the purpose of investigation, we selected 
35 patients from the Neurosurgical Service at 
the University of Michigan Hospital, all of 
whom had neoplasms arising from the poste- 
rior third ventricle (Fig. 5). Unfortunately, 
microscopic confirmation of tumor type was 
not obtained in all cases since, in recent years, 
the treatment of choice at this institution has 
become ventriculocisternostomy or subtempo- 
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Fig. 3. The superior cerebellar peduncle 
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Fig. 4. Pathways concerned with wakeful- 
ness and, possibly, emotional expression 


ral decompression with or without irradiation 
Pinealoma was diagnosed in 17 patients and 
confirmed microscopically in 10, 7 having 
pinealomas and 3 having pinealoblastomas. 
Another 7 patients were presumed to have 
pinealomas, since 6 are still alive five to fifteen 
years after surgical treatment with irradiation; 
1 was lost to follow-up after four years. 
Gliomas of the posterior third ventricle were 
verified microscopically in 18 patients; 10 had 
astrocytomas, 3 glioblastomas multiforme, and 
4 spongioblastomas polare, and, in | patient, 
the type of glioma could not be determined. 
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Papilledema figured equally prominently, 
being found in roughly three fourths of both 
groups of patients in this series. In most cases, 
this finding was attributed to obstruction of 
the cerebral aqueduct. It does not serve as a 
distinguishing feature between the two groups. 

Since fibers mediating following gaze in the 
upward direction synapse in the superior col- 
liculus and those responsible for voluntary up- 
ward gaze descend in the tegmentum of the 
midbrain, careful attention to the component 
of upward gaze affected should aid consider- 
ably in differentiating pinealomas from gliomas 
of the posterior third ventricle. Pinealomas, 
by compressing the superior colliculus, should 
cause a loss of following upward gaze, the 
voluntary component remaining intact, but 
gliomas of the posterior third ventricle should 
cause the reverse, since they often begin in the 
mesencephalic tegmentum. 

It was, however, impossible to distinguish by 
this means between the 2 groups of patients 
in the present series. In the first place, only 
53% of the patients with pinealomas showed 
any loss of upward gaze and in only 44% of 
those with gliomas of the posterior third ven- 
tricle was this finding evident. In the second 
place, in the earlier cases, no attempt was 
made to define the component of upward gaze 
lost. In later years, however, differentiation 
still could not be made. 

Loss of the pupillary reflex to light was the 
most constant finding in patients with pine- 
alomas, being evident in 82%. In most cases, 
this sign was attributed to involvement of the 
pretectal nucleus lying just beneath the superi- 
or colliculus. Of the patients with gliomas, 67% 
had this finding, which was believed to result 
more from extension of the tumor into the 
Edinger-Westphal component of the third 
nerve nucleus than from its effect on the pre- 
tectal nucleus. This assumption is perhaps 
strengthened by an incidence of 56% of other 
signs of third nerve involvement in this group. 
Only 35% of the patients with pinealomas had 
third nerve findings which, in most of them, 
were probably secondary pressure effects. 

No differentiation between pinealomas and 
gliomas of the posterior third ventricle could 
be made on the basis of other cranial nerve 
abnormalities, since these were found in slight- 
ly less than half of the patients in both groups. 
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On the other hand, only 35% of the patients 
with pinealomas showed pyramidal tract signs, 
compared to an incidence of 61% in the glioma 
group. Only 18% of the former had cerebellar 
signs, whereas 72% of the patients with gli- 
omas had findings suggesting cerebellar im- 
pairment. Only 29% of the patients with pine- 
alomas had mental changes, chiefly somno- 
lence. In contrast, similar abnormalities were 
observed in 78% of the patients with gliomas. 

These 3 findings, then—pyramidal tract in- 
volvement, cerebellar abnormalities, and men- 
tal changes—constituted the chief means of 
distinguishing between the patients. 

It should be mentioned that 5 patients with 
pinealomas had papilledema and little else. 
Except for a sixth nerve paresis in 1 patient, 
3 of them had no other findings. The other 2 
had, in addition, loss of pupillary light reflex. 
On the other hand, all patients with gliomas 
of the posterior third ventricle had pronounced 
neurologic findings when first seen. 


CONCLUSIONS 


1] Loss of the pupillary reaction to light in 
the absence of optic atrophy but in the pres- 
ence of signs of increased intracranial pres- 
sure suggests a mass in the posterior third ven- 
tricle. If upward gaze is also lost, localization 
to this region is virtually confirmed. 

2] Ventriculographic evidence of a posterior 
third ventricular tumor in a patient with mini- 
mal clinical findings suggests pinealoma rather 
than glioma. 

3] Gliomas of the posterior third ventricle 
tend to infiltrate the midbrain tegmentum be- 
fore they have grown sufficiently to obstruct 
the ventricular system. Patients with gliomas, 
therefore, commonly present pronounced neu- 
rologic findings, specifically, signs of third 
nerve involvement, pyramidal tract abnor- 
malities, cerebellar dysfunction, and mental 
changes in addition to loss of the pupillary 
light reflex and, perhaps, upward gaze. Papille- 
dema, although usually present, does not con- 
stitute the major clinical finding. 

4] Ventriculographic evidence of internal 
hydrocephalus with nonvisualization of the 
cerebral aqueduct and fourth ventricle sug- 
gests the presence of a posterior fossa tumor 
in patients with papilledema and signs of 
cerebellar dysfunction. However, loss of the 
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Fig. 5 Comparison of signs in patients hav- 
ing pinealomas with those in patients with 
gliomas of the posterior third ventricle 


pupillary light reflex or upward gaze or signs 
of third nerve impairment incriminate the pos- 
terior third ventricle. Pneumoencephalography 
may confirm this localization, and posterior 
fossa exploration becomes unnecessary. 


SUMMARY 


1] The anatomic relations of the posterior 
third ventricle have been reviewed in refer- 
ence to tumors arising in this region. 

2] A series of 35 patients with tumors of 
the posterior third ventricle is presented, and 
an attempt is made to differentiate clinically 
between pinealomas and gliomas of the pos- 
terior third ventricle. 

3] Differentiating between the two would 
seem justified. 

The author is indebted to Dr. Elizabeth C. Crosby for her 
guidance and help with the regional neuroanatomy and to 
Dr. Edgar A. Kahn for his comments and suggestions per- 


taining to the text, as well as for the privilege of utilizing 
the clinical material. 
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Guillain-Barré syndrome resulting from 


tetanus antitoxin injection 


Second reported case with immunologic studies 


Andrew W. Miglets, M.D., William G. Bartlett, M.D., 
Carl A. Arbesman, M.D., and William D. Loeser, M.D. 


GuILLain-BarrE syndrome is a rare sequela 
of serum disease. Cases with paralysis but 
without detailed serologic studies have been 
reported intermittently since 1929. However, 
it was not until 1958, when Arbesman and 
associates' reported such a patient, that this 
svndrome received serologic study. 

The patient had Guillain-Barré syndrome 
after serum disease due to tetanus antitoxin 
and was shown to have hemagglutinating and 
other antibodies in high titer in blood and spi- 
nal fluid. The case report and detailed sero- 
logic studies suggested tetanus antitoxin as the 
etiologic agent and an immunologic or some 
allergic mechanism as the pathogenic process. 

Guillain-Barré syndrome also has been oc- 
casionally reported after smallpox vaccination.? 
An early report*® described various neurologic 
complications attributed to human antiserum, 
and an articlet appearing later warned particu- 
larly of peripheral nerve paralysis after injec- 
tions of various antiserums, tetanus antitoxin 
being the principal offender. 

This syndrome of polyradiculoneuritis with 
albuminocytologic dissociation has been known 
since 1916.5 Before the present name, Guillain- 
Barré, became widely accepted, the entity was 
considered to be acute infective polyneuritis® 
by those who first saw it in England and as 
infectious neuronitis? in the United States. It 
has been described® as an inflammatory pro- 
cess that involves the spinal nerves and ex- 
tends for a short distance proximally and 
distally to cause varying degrees of motor 
and sensory derangement. A mild antecedent 
infection, usually of the upper respiratory 
tract, was considered a possible etiologic fac- 


658 


tor. The symptomatology ranges from mild 
temporary disturbances to a fatal ascending 

We are reporting a patient, studied im- 
munologically and clinically, who exhibited 
Guillain-Barré syndrome after tetanus anti- 
toxin serum disease, because the findings are 
similar in many respects to Arbesman’s case 
(Table 1), tending to confirm his incrimination 
of at least one etiologic agent for the diseases 
included in this syndrome. Our patient’s course 
was typical for Guillain-Barré syndrome, and 
she exhibited hemagglutinating antibodies in 
her serum which persisted for a long time. 


CASE REPORT 


H. M., a 37-year-old white housewife, ran 
a rusty nail into her left hand on July 24, 1958. 
The wound was cleansed, and she was given 
0.5 ce. of undiluted tetanus antitoxin after a 
skin test revealed only a suggestion of erythe- 
ma. Several hours after the injection, she had 
a chill and fever but was otherwise well until 
four days later, when chills and fever recurred 
along with joint pains and swelling in the left 
shoulder, the site of the injection. 

She was admitted to the South Unit of the 
Youngstown Hospital Association on July 31, 
one week after her accident, because of pro- 
gressive weakness of the lower extremities. 
She was unable to walk. She also com- 
plained of pain in the back, numbness of the 
hands and face, and a feeling of heaviness in 
both arms. 


From the Youngstown (Ohio) Hospital Association and the 
Buffalo (N. Y.) General Hospital. 
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TABLE 1 
SPINAL FLUID FINDINGS COMPARED WITH CASE OF 
ARBESMAN AND ASSOCIATES* 
———Arbesman and associates, Present case ~ 
Days after White blood Protein mg. White blood Protein mg. 
tetanus antitoxin cells per 100 cc. cells per 100 cc. 
9 = - 4 200 
14 7 290 0 150 
18 - 2 75 
23 8 260 0 100 
31 10 174 - - 
40 0 55 
99 4 


The patient had received tetanus antitoxin 
at age 6 or 7 without a reaction. She had had 
an appendectomy in 1954. Penicillin had been 
given intermittently over a period of years for 
chronic otitis media, but the drug was discon- 
tinued in June 1957, when she had a mild skin 
rash after a penicillin injection. She was also 
allergic to pork. No other evidence of allergy 
was obtained. There was no family history of 
allergies. 

Physical examination on admission showed 
temperature, 98.6° F.; pulse, 85; and respira- 
tions, 18 per minute. She did not appear in 
acute distress. Positive findings included slight 
nuchal resistance, shallow respiratory move- 
ments, and absent abdominal and deep tendon 
reflexes; the plantar reflexes were diminished 
but flexor. The peripheral blood count on 
admission showed 4,540,000 red blood cells 
per cubic millimeter, hemoglobin of 13.8 gm., 
and hematocrit of 44%. The white blood count 
was 8,000: polymorphonuclear forms, 69; 
stabs, 5; lymphocytes, 25; and monocytes, 1. 
Urinalysis was negative. A VDRL test for 
syphilis was negative. She was started on 5 
mg. of Meticorten four times daily and bar- 
biturate sedation when needed. 

On the second day, she was apprehensive, 
nervous, and crying; she complained of head- 
ache, backache, and cramps, the last associ- 
ated with her menses. She also had some 
hesitancy in speaking, but her words were 
clear. Left peripheral facial palsy, profound 
lower extremity weakness, and diffuse slight 
weakness of the upper extremities were dem- 
onstrated. Pain and vibratory senses were in- 
tact, but position sense was gone in both big 


toes. Blood cultures were done anaerobically 
to rule out tetanus, although there was no evi- 
dence for an active clostridial infection. 

On the fourth hospital day, a lumbar punc- 
ture demonstrated colorless fluid at an open- 
ing pressure of 240 mm. of water. After 12 cc. 
was removed, the pressure was 150 mm; 4 
lymphocytes and a protein concentration of 
200 mg. per 100 cc. of spinal fluid were 
found. 

On the fifth hospital day, she had less leg 
weakness but complained of numbness of the 
tongue and said her arms were very heavy. 
She choked when sipping water or attempting 
to swallow medications. Respirations remained 
normal. Her words were badly slurred. Flat- 
tening of the nasolabial folds, which gave a 
blank expression to her face, was noted. She 
also complained of some blurring of vision in 
the left eye, but no diplopia or anisocoria was 
noted and the funduscopic examination was 
negative. That evening, she expectorated a 
large amount of thick, tenacious mucus and, 
after this, had no further difficulty taking sips 
of water or medications. 

By the seventh hospital day, the patient's 
apprehension was lessened and she was able 
to talk clearly for the first time and to write 
her name (see illustration); nevertheless, occa- 
sionally, she was incoherent, mumbled to her- 
self, and expressed fear that the personnel 
were going to do things to hurt her. 

On the ninth day, a second lumbar puncture 
revealed a protein of 150 mg. per cent with no 
cells. On the tenth day, she sat briefly in a 
chair. Her lower limbs remained paralyzed, 
and her upper limbs were then at their weak- 
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Examples of patient’s signature made during 
the course of her illness 


est. A lumbar puncture on the thirteenth hos- 
pital day showed a protein of 75 mg. per 100 
ce. By the fourteenth day, she had regained 
some hand strength, although she was both- 
ered by severe leg cramps. She was able to 
turn herself in bed for the first time on the 
fifteenth day. On the nineteenth day, the spi- 
nal fluid protein was 100 mg. per 100 cc. with 
no cells. Return of leg power was sufficient by 
the next day to allow the patient to use a 
walker briefly. Formal physical therapy aimed 
at better return of small muscle function was 
started on August 26. The last lumbar punc- 
ture was done on September 4 and showed a 
protein of 55 mg. per cent without cells. On 
September 5, she was able to walk unaided, 
although toe movement had not entirely re- 
turned and there was some residual weakness. 
She was discharged from the hospital on Sep- 
tember 6, able to use her hands normaly. 

Follow-up neurologic examination on De- 
cember 30, 1958, revealed numbness of the 
small toe on the left foot and weakness of tri- 
ceps, deltoid, and gluteal muscles bilaterally 
as her only sequelae. When seen again on 
March 13, 1959, the gluteal strength had be- 
come normal and deltoid and triceps had im- 
proved. 

A specimen of her serum obtained on the 
one hundred fifty-third hospital day showed 
hemagglutinins to horse serum in a titer of 
1:32,000. (Human type O, Rh-negative red 
blood cells were washed 3 times with buffered 
saline, resuspended to 24%, and incubated at 
37° C. with 1:20,000 tannic acid. After wash- 
ing, the cells were again suspended and incu- 
bated at room temperature with horse serum 
and saline. The sensitized red blood cells were 
resuspended to their original volume, and 0.05 
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cc. was added to the antiserum to be tested. 
The antiserum was serially diluted in pH 7.2 
buffered saline. Controls consisted of normal 
human serum and normal rabbit serum with 
coated red blood cells, as well as antiserum 
with uncoated tanned cells.)?° A second speci- 
men obtained on the two hundred and twenty- 
second day showed a titer of 1:12,000 (Table 
2). Precipitins, anaphylaxis, and Prausnitz- 
Kustner antibodies on two recipients could not 
be demonstrated. 


DISCUSSION 


The diagnosis of Guillain-Barré syndrome 
would appear to be sound in our patient. The 
presence of hemaggluntinins in extremely high 
titer would indicate that hypersensitivity to 
horse serum played a role in the etiology of 
this case. 

The very striking antibody response to a 
relatively small dose of antiserum may be re- 
lated to the fact that this patient had received 
antiserum at the age of 6 or 7, some thirty 
years previously. 

Guillain-Barré syndrome (acute idiopathic 
polyneuritis, Landry’s paralysis, acute infective 
neuronitis) until very recently has been con- 
sidered a disease of undetermined etiology. 
Sporadic reports have appeared in the medical 
literature from time to time suggesting various 
etiologic agents, but, recently, an allergic 
mechanism has been suggested on the basis of 
experimental data.*! The two cases referred to 
in this report, while not establishing the eti- 
ology for all cases of Guillain-Barré syndrome, 
certainly suggest a hyperimmune response to 


TABLE 2 


HEMAGGLUTINATION CAUSED BY 
PATIENT’S SERUM (TITERS®) 


Days after Arbesman 
tetanus antitoxin and associates Present case 
16 5,000,000 
31 5,000,000 - 
69 320,000 - 
97 640,000 
156 160,000 32,000 


222 on 12,000 
*Reciprocal of highest dilution of patients’ serum producing 
agglutination of red blood cells coated with horse serum. 
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horse serum as the causative agent for at least 
this segment of cases. 


SUMMARY 


1. We have presented what we believe to be 
the second patient with Guillain-Barré syn- 
drome resulting from tetanus antitoxin injec- 
tion in whom detailed serologic studies were 
carried out. 

2. Hemagglutinating antibodies against horse 
serum were demonstrated after the injection 
of tetanus antitoxin. 
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3. The antibodies persisted for at least two 
hundred and twenty-two days. 


4. The presence of hemagglutinins against 
horse serum in extremely high titer would sug- 
gest that hypersensitivity to horse serum played 


a role in the pathogenesis of Guillain-Barré 
syndrome in this patient. 


The authors give grateful acknowledgment to Mrs. Willard 
Wright and Garnet Booth for the preparation of this manu- 
script. 
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Photoreception and phonoreception 


A comparison of the major afferent pathways 


in the nervous system 


M. Wharton Young, M.D., Ph.D. 


PHOTORECEPTION and phonoreception provide 
the principle means of association between the 
individual and his external environment. Both 
vision and audition are made possible through 
supersensitive teleceptors, for the minute stimu- 
li that activate them arise from remote sources 
often far removed from the body. In the case 
of the eye, the light source may be millions of 
miles away, and, in both instances, the stimu- 
lus is transmitted by wave vibrations over the 
intervening distance. 

Physicists have long recognized certain 
fundamental similarities between light waves 
and sound waves, and the basic formulas 
applied to one may be utilized by the other, 
although certain differences obviously exist. 
(Light and sound waves may be simultaneous- 
ly recorded on the same electronic tape for 
rebroadcasting in color television.) Likewise, 
there are certain fundamental similarities in 
the respective parts of the nervous system de- 
voted to the reception of light and sound 
waves, as well as some obvious differences. It 
is with these likenesses that we are presently 
concerned. 

Structure is the basis of all function, both 
normal and pathologic, and no function what- 
soever occurs without an associated structural 
basis. To the anatomist and the scientist, this 
interdependence is as fundamental an interre- 
lationship as that existing between matter and 
energy, as expressed in the Einstein equation, 
E = MC*. Thus, the two greatest teleceptor 
systems, both designed to receive and react 
to wave vibrations, are also fundamentally 
similar, although their likeness is not im- 
mediately apparent. 

The theory of functional components offers 
a relatively new concept of the nervous sys- 
tem, since it has been developed in the pres- 
ent century, largely by members of the Ameri- 
can School of Neurologists: Strong,' Herrick,? 
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Johnston,* Willard,* and others. This concept 
not only offers a simplification and classifica- 
tion of the nervous system but groups all of 
the millions of peripheral nerves into only 7 
categories based on specific criteria. In such 
a consideration, the optic and auditory nerves 
are both included in the special somatic affer- 
ent system. (A functional system includes all 
neurons with certain anatomic and physiologic 
characteristics in common that enable them 
to act as a unit.) 

The inclusion of the optic and auditory 
nerves in the same functional system, anatomi- 
cally and physiologically, led us to seek further 
similarities within the optic and auditory path- 
ways, and these studies have revealed striking 
similarities throughout both systems from the 
outlying peripheral receptors to the cerebral 
cortex (Fig. 1). The theory of functional com- 
ponents is based largely on phylogenetic and 
ontogenetic relations rather than on the gross 
or microscopic considerations. In viewing the 
developmental aspects of the eye and ear, it 
becomes apparent that the sensory receptor 
elements in each organ are of ectodermal 
origin, even as the entire nervous system is 
evolved from this outermost layer, which lies 
adjacent to the environment. In the embryo, 
the thickened ectodermal placode soon folds 
to form a closed auditory vesicle, which re- 
sembles the optic vesicle in many respects. In 
these early stages of development, it is obvious 
that the ectodermal cells forming the walls of 
both vesicles are the precursors of all the 
future receptor neurons. The mesodermal tis- 
sue that surrounds these early vesicles is des- 
tined to form the supporting or connective 
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tissues. The vesicular form of these embry- 
onic structures emphasizes the role of the 
fluid that always constitutes the major part of 
these receptor organs and further reflects the 
importance of these liquids in the physiology 
and pathology of the adult eye and ear. 

The specialized receptor cells in the eye and 
the ear follow a parallel course of development 
in the embryo. The peripheral outgrowths 
from the primitive ectodermal rod and cone 
cells result in an outer nonnuclear layer ad- 
jacent to the pigment layer.5.* This outer zone 
of the light-sensitive cell contains the rhodop- 
sin, which is the true chemical receptor sub- 
stance. Likewise, the primitive organ of Corti 
presents an outgrowth from the dorsal aspect 
of its ectodermal hair cells which is similar to 
that of the rods and cones. This cuticular 
structure is the tectorial membrane, which 
is nonnucleated and unmistakably continuous 
with its parent hair cells.75 The separation be- 
tween the two areas, usually shown in adult 
preparations, is an artifact, and, by employing 
special technics, we have been able to retain 
the original union between the tectorial mem- 
brane and the parent hair cells in the organ 
of Corti.9-!! 

Many competent investigators have recog- 
nized the continuity of the tectorial membrane 
with Corti’s organ; hence, this gelatinous, non- 
nucleated membrane is made up of the outer 
peripheral segments of the hair cells, and the 
two zones are normally united with the aid of 
these hairlike processes. Electron microscopic 
studies have shown a similar hairlike union 
between the nucleated and nonnucleated outer 
segment of the retinal rods.!* Thus, the rods 
are morphologically hair cells. Likewise, one 
might consider the hair cells of Corti’s organ, 
with their outer tectorial segments, as laby- 
rinthine rods not unlike the retinal rods em- 
bryologically, histologically, or, indeed, physi- 
ologically (Fig 1). Certainly, the connective 
tissue elements in the floor of the cochlear 
duct (basilar membrane) could hardly be as 
sensitive to the minute sound wave stimuli as 
the delicate nerve cells with their peripheral 
outgrowths; hence, the Helmho!tz'* theory ap- 
pears to be untenable and incompatible with 
our present concept. The tectorial membrane 
is much broader in the apical turn than in the 
basal zone and presents a pennant-shaped con- 
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tour, with the shorter cell segments in the 
basal turn and the longer ones in the apical 
area (Fig. 2). It is well established that the 
high pitches are received in the lower turn of 
the cochlea, with short tectorial segments, 
and the low pitches are received in the upper, 
with longer segments. The differences between 
the apical and basal zones of the tectorial 
membrane are by far greater in width than 
those of the basilar membrane, which is non- 
nervous in nature and mesodermal in origin. 


Fig. 1. Diagram showing eye and ear with 
dorsal view of midbrain. A = rods and cones 
in retina; A’ = hair cells with tectorial mem- 
brane attached (rods of the labyrinth); B = 
bipolar cells of retina; B’ = bipolar cells of 
spiral cochlear ganglion; C = decussation of 
third neurons in optic chiasm; C’ = decussa- 
tion of third neurons in trapezoid body; D 
= optic fibers terminating in superior col- 
liculus; D’ = auditory fibers (lateral lem- 
niscus) terminating in inferior colliculus; E 
= lateral geniculate body showing Fi re- 
lay; E’ = medial geniculate body showing 
auditory relay; F = optic radiations entering 
cortex (calcarine); F’ = auditory radiations 
ane (temporal). Broken line is 
optic fiber to pretectal area. 
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Fig. 2. Diagram showing first two neurons 
in auditory pathway. Pennant-shaped tec- 
torial membrane is broadest in apical turn. 
A = outer segment of hair cell forming tec- 
torial membrane; B = inner segment of re- 
ceptor or hair cell in organ of Corti. A’ and 
B’ show separation as usually shown be- 
tween hair cell and tectorial membrane. C 
= bipolar neurons of spiral ganglion; D = 
cortical center for hearing. 
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It is usually the distal end of the primary sen- 
sory receptor that presents the lowest thresh- 
old to a stimulus and thus constitutes the ulti- 
mate nerve “ending.” This outermost segment, 
or ending, is shown most clearly in embryo- 
logic development as the peripheral outgrowth 
from the rods in the developing retina and as 
a similar dorsal cuticular outgrowth from Cor- 
ti’s hair cells that constitute the tectorial mem- 
brane. From the standpoint of morphology, 
there is very good reason for presuming that 
sound is received by the distal segments of 
Corti’s hair cells, just as light is received by 
the outer segments of the retinal rods that con- 
tain the rhodopsin." 

In phylogeny, also, the outermost zone de- 
velops the neuronal characteristics in both the 
protozoa and metazoa (Fig. 3). Just! has 
emphasized that the outer zone, or ectoplasm, 
being adjacent to the fluid environment, de- 
velops the greatest sensitivity to the environ- 
mental changes. As an integral part of the 
protoplasmic structure, the ectoplasm cannot 
be divorced from this. The protoplasmic or- 
ganization, however, much a composite of 


Fig. 3. An amoeba changing from its usual concentric form to a bipolar state by extending its 
ectoplasm as a pseudopod (after Verworn) 


664 
( 
“Re 
y, 
— 


PHOTORECEPTION AND PHONORECEPTION 


many parts—nucleus with its structures and 
cytoplasm with its regions—acts as a unit. To 
conceive of it as such is to approach an under- 
standing of those series of moving events that 
we call life. The ectoplasm, standing between 
the protoplasmic system’s inner substance and 
the outside world, reacts first to environmental 
stimuli and thus conditions the responses of 
the whole system. Its rapidly occurring, highly 
active structural changes portray self-regula- 
tion and self-differentiation. Thus, by its lo- 
cation and by its peculiar attributes, the ecto- 
plasm becomes the most tangible expression of 
life processes.15 

The response mechanisms of the primitive 
protozoa may reflect the basic structural and 
functional attributes of adult neurons. When 
the amoeba wishes to sample the outlying 
environment before entering it, the ectoplasm 
is protruded as a pseudopod, or feeler, into the 
anticipated area (Fig. 3). The cell therefore 
changes its usual concentric arrangement into 
a bipolar form that closely resembles the cellu- 
lar pattern found in both the retinal and labyr- 
inthine rods. There is clearly a proximal nucle- 
ated zone of endoplasm and a distal non- 
nucleated zone of ectoplasm. This structural 
dualism is closely allied to the “irritability and 
conductivity” of neurons and is identical to the 
primary light- and sound-sensitive receptors in 
adults. Since there are specialized cells that 
respond to the stimulus of light waves, there 
must also be comparable specialized cells that 
respond to the stimulus produced by sound 
waves. This outer, clear area of the rods con- 
tains most of the chemical rhodopsin, upon 
which light sensitivity depends. One might 
presume that similar conditions exist in the 
tectorial membrane—the outer, clear area of 
the hair cells—and sound-sensitive chemicals 
are known to exist.16 

In the primitive metazoa, it is likewise the 
outer layer or the ectoderm that is strategically 
located adjacent to the environment, and, 
hence, the neuronal elements are developed 
from this layer. The embryonic ectoderm re- 
peats the phylogenetic pattern by giving origin 
to both the optic and otic vesicles with their 
highly sensitive receptor cells. This is one rea- 
son for classifying the optic and auditory nerves 
together as a special somatic afferent entity 
among the functional components. In view of 
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this historic data, one would expect that the 
derivation of all the light- and sound-sensitive 
neurons would be solely from the ectoderm, 
and there is no reason, either in logic or in 
fact, to presume that the surrounding meso- 
derm or its derivatives would contribute any 
sensitive elements to either the ear or eye. 
The neighboring mesoderm does contribute 
the supporting and encapsulating tissues of 
both receptor organs and thus establishes a 
means of retaining a higher fluid pressure 
within these organs. These critical fluid pres- 
sures greatly influence the ultimate chemico- 
physical processes upon which functional re- 
ception depends, and an increased pressure 
within the eyeball (glaucoma) or the inner ear 
(Méniére’s disease) may often be the basic 
cause of blindness or deafness. The logical 
surgical approach to this problem would be to 
puncture the outer fibrous coat or retaining 
wall to permit the escape of the retained fluid 
and thus reduce its volume and _ pressure; 
hence, the established procedure of trephining 
the eyeball in such cases and likewise fenes- 
trating the ear. It is noteworthy that the surgi- 
cal opening in both instances is through the 
outer capsular wall but at some distance from 
the sensitive receptor membrane. However, 
the hydraulic results are none the less effec- 
tive. At the therapeutic level, another basic 
similarity has been noted: vitamin A has been 
proved efficacious in certain cases of night 
blindness, and clinical experience suggests 
that it may also improve certain selected types 
of deafness.1718 

Stevens!® has shown that, when decibel 
units are applied to light and sound, there is 
a parallel relationship between them from the 
threshold level up to the maximum intensity 
for both organs. 


SECONDARY AND SUBSEQUENT NEURONS 


The basic similarity of the primary receptor 
neurons that is found in the eye and ear is 
likewise seen in the secondary and subsequent 
nerve cells throughout the entire optic and 
auditory pathways (Fig. 1). The second nerve 
in each of these afferent paths is bipolar in 
nature and serves as an internuncial neuron 
that interconnects the primary peripheral re- 
ceptor with the third neuron, which reaches 
the brain stem centers in a bilateral pattern. 
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In the eye, these bipolar cells form the inner 
nuclear layer of the retina, the dendrites of 
which synapse with the rods and cones of the 
outer nuclear layer, while their axonal process- 
es synapse with the third or ganglion cells in 
the inner plexiform layer. 

In the ear, the secondary bipolar neurons 
are located in the spiral ganglion, and their 
dendrites synapse with the primary receptor 
(hair) cells of Corti’s organ, while their longer 
axonal processes enter the brain stem to 
synapse with the third neurons of the cochlear 
nuclei. 

The third neurons of both the optic and 
auditory paths undergo partial decussation 
and thus have a bilateral distribution at their 
final terminus in the midbrain and forebrain, 
wherein each establishes a reflex and a relay 
connection, respectively (Fig. 1). The specific 
point-to-point localization of the entire optic 
pathway has been determined in great detail, 
and there is evidence that such a pattern is 
repeated in the auditory path. The tertiary 
neurons from the nasal half of the retina 
undergo decussation in the optic chiasm; 
hence, lesions interrupting the crossing fibers 
result in bitemporal hemianopsia. No such 
specific localization is established regarding 
the tertiary fibers of the auditory path that 
decussate in the trapezoid body, but some in- 
vestigators believe they arise mainly from the 
ventral cochlear nucleus. Both crossed and 
uncrossed fibers continue forward in the lateral 
lemniscus to terminate in the inferior colliculus 
and medial geniculate body. Likewise, crossed 
and uncrossed fibers course through the optic 
tract to reach the superior colliculus and later- 
al geniculate body. The fibers to the respec- 
tive colliculi establish reflex connections with 
descending tectobulbar and tectospinal tracts, 
and, hence, the reflex response to a sudden 
loud noise may be similar to the response to 
a sudden flash of light. Phylogenetically, there 
is an intimate relationship between the optic 
receptor and superior colliculus and between 
the cochlea and inferior colliculus. In such 
animals as the Elasmobranchii and Squalus 
acanthias, which have well-developed eyes 
but no cochlea, there is an equally: well-de- 
veloped superior colliculus (optic lobe) form- 
ing the entire roof of the midbrain but no 
inferior colliculus. The latter is developed in 
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higher animals with the development of the 
cochlea and auditory reflex centers in the 
caudal part of the tectum.?° 

In spite of their topographic relationship 
with the midbrain, the geniculate bodies are 
phylogenetically and functionally a part of 
the metathalamus, the medial geniculate serv- 
ing as a relay station for the auditory fibers to 
the auditory cortex, while the lateral genicu- 
late is a relay station for the optic fibers to the 
visual cortex (Fig. 1). Precise point-to-point 
localization has been determined for the reti- 
na, lateral geniculate body, and visual cortex. 
Localization for pitch in the different turns of 
the cochlea has likewise been determined, 
and there is considerable evidence that the 
pattern is maintained in the medial geniculate 
body and auditory cortex.*! The geniculate 
bodies receive some efferent fibers from the 
cerebral cortex and are connected through 
brachia with their respective collicular bodies. 
They each have other diencephalic connec- 
tions that ascribe to them a more diversified 
function than mere relay stations to the cortex. 

Fibers arising in the lateral geniculate 
bodies course laterally through the internal 
capsule to the visual cortex, thus completing 
the optic pathway. 

Fibers arising in the medial geniculate 
bodies course laterally through the internal 
capsule to the auditory cortex, thus completing 
the auditory pathway. Cortical localization 
has been well established in both the visual 
and auditory cortex. 

Efferent fibers have been described in both 
the optic and auditory nerves, but their 
specific function remains speculative. 

Vision and hearing are man’s most impor- 
tant senses and, hence, are the greatest means 
of influencing his sensorium and conscious 
existence. 

Blindness and deafness are man’s greatest 
handicaps. Both now occur far too often, and 
much needs to be learned in these areas if 
prophylaxis or cure is to be more effective. 


SUMMARY AND CONCLUSIONS 


The theory of functional components offers 
a relatively new concept of the nervous system 
comparable to the periodic table in chemistry; 
here, the optic and auditory nerves are both 
placed in the same special somatic afferent 
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category because of their basic anatomic and 
physiologic similarities. Further study revealed 
a distinct parallelism between comparable 
neurons from the primary sensory receptor 
cells in the end organs to the corticipetal fibers 
in the optic and auditory radiations and even 
to the cortex itself. 

Since light and sound are both transmitted 
to the body from an outside source by wave 
vibrations, the teleceptors that respond to 
these stimulating waves would likewise be as 
comparable as the waves that they receive. 
Much more is known about the eve and its 
chemical nature in response to light than about 
the structure and function of the ear in its 
response to sound. 

Embryologic comparisons show that the reti- 
na and tectorial membrane are both of ecto- 
dermal origin, that both reveal early vesicular 
form, and that the ectodermal cells in both 
cases give rise to bipolar receptor cells of 
great sensitivity. Like the pseudopod of the 
amoeba, the outer, or terminal, zone in these 
primary neurons is a clear, nonnucleated area, 
the function of which is to respond to a very 
minute wave vibration. The inner zone is the 
nucleated area which transmits the initiated 
nerve impulse to the second, or bipolar, cell in 
the afferent path. The two adjacent zones 
in the receptor cell are intimately intercon- 
nected by hairlike condensations of the proto- 
plasm in the light- and sound-sensitive cells. 
The outer zones of the labyrinthine rods 
constitute the tectorial membrane, which is 
continuous with the hair cells of Corti’s organ. 
This continuity is well established in the 
embryo and may be retained, with careful 
technics, in preparing the adult ear. The 
alleged separation of the tectorial membrane 
from its underlying parent, the organ of Corti, 
is an artifact and must be considered as such. 

The light-sensitive rhodopsin is concentrated 
in the outer, nonnucleated segment of the 
retinal rods. A sound-sensitive chemical may 
exist in the gelatinous matrix of the tectorial 
membrane. 

The connective tissue of the basilar mem- 
brane, which is mesodermal in origin and non- 
nervous in nature, could hardly be considered 
as the sensitive sound receptor that reacts to 
displacements of 10—! cm., or one one-hun- 
dredth of the diameter of a hydrogen molecule. 
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Hence, the century-old concept of Helmholtz 
is untenable in the light of our present day 
knowledge. 

The second neurons in the optic and audi- 
tory paths are distinctly bipolar and are inter- 
nuncial cells that interconnect the primary and 
tertiary neurons in both the optic and auditory 
paths. 

The third neurons in both systems undergo 
partial decussation before reaching their termi- 
nus in the midbrain and thalamus, giving each 
individual ear and eye a bilateral respresen- 
tation in all areas beyond their plane of decus- 
sation. 

Similar reflex connections are established in 
the superior colliculus for vision and in the 
inferior colliculus for sound. The reflex re- 
action to sudden light or sound is somewhat 
similar, since the descending tectobulbar and 
tectospinal tracts terminate on the same lower 
motor neurons of the cerebrospinal nerves. 

The fourth neurons, which have cell bodies 
lying in the medial and lateral geniculate 
bodies, send their axons through the internal 
capsule as auditory and optic radiations to 
reach their specific sensory areas in the cortex 
as geniculotemporal and geniculocalcarine fi- 
bers. 

Both the eye and ear are enclosed in a 
firm, fibrous, mesodermal capsule that main- 
tains a fixed volume and pressure in the dual 
systems of fluids—vitreous and aqueous humor 
and endolymph and perilymph—in each pe- 
ripheral end organ. The surgical penetration of 
these surrounding walls is used to decompress 
the eyeball or labyrinth in treating some 
specific types of blindness and deafness. 

The structural or anatomic similarities noted 
at all levels of the optic and auditory systems 
are reflected in their functional identities. 

The thresholds for seeing and hearing are 
similar in the decibel scale, as are the other 
functional levels up to the maximum response 
for both organs. 

The same chemical substance, vitamin A, 
has been known to improve the function of 
the eye and ear in selected cases. The pupil- 
lary reflex mechanism for light suggests the 
possibility of a similar reflex mechanism for 
peripheral adjustments to various intensities 
of sound. Throughout both of these sensory 
pathways, there are some motor fibers the 
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functional significance of which remains specu- 
lative. 

Further recognition of the basic similarities 
of photoreception and phonoreception may 
lead to a fuller understanding of both process- 
es as well as of the chemical nature of nervous 
function. 
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Brain radiation in newborn rats 


and differential effects of increased age 


IIL. Microscopic observations 


C. D. Clemente, Ph.D., J. N. Yamazaki, M.D., 
L. R. Bennett, M.D., and R. A. McFall, M.D. 


PATHOLOGIC CHANGES develop in the central 
nervous system of adult animals after irradia- 
tion to the head, even though it is generally 
assumed that the brain is more radioresistant 
than most other organs. In adult monkeys, 
astrocytic and neuronal degeneration and 
changes in the blood-brain barrier were ob- 
served after head radiation dosages of 4,500 
and 6,000 r,® and concomitaat neurologic and 
electroencephalographic abnormalities were 
observed.® In these studies, the brain stem and 
diencephalon were more radiosensitive than 
other central areas, a finding supported by the 
work of Arnold and _ associates.!9-33.48 Hicks’ 
studies®:7,49.5° have emphasized the differences 
in radiosensitivity between fetal and adult 
brain. Whole body radiation doses as low as 
40 r administered to pregnant rats resulted in 
acute necrosis in the brain, spinal cord, and 
retina of the developing fetus, but damage to 
neural elements other than the subependymal 
cells in the adult rat did not occur unless the 
animals received 1,200 r or more. 

The state of cellular differentiation is usually 
regarded as a primary factor in determining 
the relative radiosensitivity of a tissue. Where- 
as the developing neuroblast is one of the most 
radiosensitive of cells, the adult neuron is 
among those most resistant. What are the 
mechanisms in neuronal maturation, and when 
do these phenomena occur to change a highly 
radiosensitive cell into a relatively radioresist- 
ant one? Is it firmly established that the effects 
observed after brain irradiation are primarily 
due to direct changes within the neuron? To 
what degree does cerebral circulation altered 
after irradiation contribute to the neuropa- 
thology? These questions are unanswered, and 


there is less information on effects of irradiation 
on the brain than most other organs. 

The study reported here was undertaken in 
order to determine the relative radiosensitivity 
of the rat brain shortly after birth and at vary- 
ing intervals in the young animal. 


METHODS 


Newborn rats were irradiated and main- 
tained as described in a previous communica- 
tion.®! After varying survival periods, the ani- 
mals were sacrificed by perfusion-fixation with 
10% formalin according to the method of 
Koenig, Groat, and Windle.®? The brain of 
each animal was carefully dissected, further 
hardened in fixative, embedded in paraffin, 
and sectioned serially at 10 y». A variety of 
staining technics were utilized: thionine, hem- 
atoxylin and eosin, Weil’s technic for myelin, 
and connective tissue and blood vessel stains. 


RESULTS 


General findings. Before discussing the his- 
topathology in detail, a few general findings 
on the results of this study were of interest. 
We were interested in observing the eventual 
production of neurologic signs in the rats ex- 
posed to irradiation. A dosage-age graph of 
our findings is shown in Figure 1. Remember- 
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ing that, in these experiments, irradiation was 
administered to the head alone, it can be seen 
that significantly lower dosages resulted in the 
production of neurologic signs (tremors, ataxia, 
incoordination) if administered during the first 
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Fig. 1. A graph showing a dose-age curve 
with respect to the production of neurologic 
signs by head radiation in the neonatal rat. 
Most of the animals to the left of the curve 
had clinical signs involving the nervous sys- 
tem, while most of the animals to the right 
of the curve did not. 


Fig. 2. [A] A transverse section through the 
midbrain (M), lateral ventricle (LV) and 
cerebral cortex (C) in a 20-day-old rat that 
had been given 1,000 r to the head on the 
second postnatal day. Notice the marked hy- 


drocephalic brain. (x 20) [B] A portion 
of the cerebral cortex in the animal shown 
in A, illustrating the closely packed cortical 
cells. The thickness of the cortex was ap- 
proximately 50% that of a normal rat at this 
age. Thionine stain. (x 60) 
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postnatal week (to the left of the curve in 
Figure 1). Animals 7 and 8 days of age re- 
quired at least 3 times the radiation dose that 
1-day-old rats needed to produce the same 
neurologic signs. 

Microscopic observations. Choroid plexus. 
An inflammatory reaction was observed in the 
choroid plexus after irradiation. In the more 
acute studies (forty-eight-hour survival, 500 or 
1,000 r), the parenchymal cells appeared 
swollen and the cytoplasmic material more 
watery than normal, containing relatively little 
granular material. At times, focal capillary 
hemorrhages existed in the choroid plexus, 
especially that portion of the plexus in the 
fourth ventricle. In the long-term surviving 
rats, evidence of these early changes was 
visible as small contracted scars characterized 
by connective tissue proliferation. 

Ventricular system. Enlargement of the ven- 
tricular system was observed in certain rats. 
In the more severe cases, the lateral ventricles 
showed a phenomenal dilation as can be seen 
in Figure 2A, a rat irradiated with 1,000 r on 
the second day of life and sacrificed after three 
weeks. In other animals, the cerebral cortex 
was only slightly displaced by ventricular en- 
largement. In 1 animal, there was a slight dis- 
tension of the cerebral aqueduct, but never 
were marked enlargements observed in the size 
of the third and fourth ventricles. When the 
enlargement was in the lateral ventricles, the 
cortical cells remained very densely packed. 

Normal postnatal development of the cere- 
bral cortex is accompanied by an increase in 
the volume of cortex along with a spacing out 
of cortical neurons.*®.4° With lateral ventricu- 
lar distension after radiation, however, the 
packing density of the cortical neuron looked 
like that of the 3-day-old rat even though 
some of these animals had lived from three 
weeks to three months (Fig. 2). The increase 
in ventriculer pressure did not appear to de- 
stroy the cortical neurons; however, morpho- 
logically, the cortical mantle resembled that 
of a much younger animal. 

Meninges. Inflammatory reactions in the 
meninges were observed in most animals given 
over 300 r within the first eight postnatal days. 
Meningitis was usually most intense in animals 
with the higher radiation dosages. In the acute 
studies (forty-eight- to seventy-two-hour sur- 
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vival), the inflammatory reaction in the men- 
inges was characterized by neutrophilic ac- 
cumulations in the dura and around the 
vasculature of the pia mater. In this respect, 
the meningeal involvement is difficult to dis- 
tinguish from the generalized vasculitis that 
was often observed. At times, the meningitis 
was focal in nature, but, with the higher radi- 
ation dosages (1,000 r), it was more often 
diffuse, involving not only the coverings of the 
cerebral cortex but the meningeal layers under 
the ventral portion of the midbrain, pons, and 
medulla (Fig. 3A). 

The dura and pial coverings of the brain 
showed a significant increased thickness in 
animals of the long-term study. Proliferation 
of connective tissue (Fig. 3B) and a not too 
intense secondary mononuclear infiltration was 
found. These observations were especially seen 
in animals irradiated between the fifth and 
fourteenth day with 1,000 r and which sur- 
vived for nine months to one year. With men- 
ingeal thickening, some thickening in the walls 
of the medium sized and smaller arteries of 
the pial layer was invariable. 

Vascular system. Changes in the vasculature 
of the brain after radiation in our animals were 
observed spanning a wide range of pathologic 
involvement. Certain minor changes were ob- 
served, such as endothelial swelling and 
marked endothelial basophilia (Fig. 4A and B); 
also observed was focal or widespread perivas- 
culitis (both acute and chronic). Capillary de- 
struction was visible as petechial hemorrhages; 
long-term thickening of the tunica intima oc- 
curred in larger vessels. Occasional necrosis of 
blood vessel walls was seen, and, in one case, 
massive cerebral necrosis due to major vas- 
cular hemorrhage was noted. 

In the short-term studies (forty-eight- to 
seventy-two-hour survival), the most pro- 
nounced vascular phenomena were observed 
after dosages of at least 500 r in animals 
radiated within the first five days postnatally 
and in animals administered 1,000 r before the 
tenth postnatal day. The most common vas- 
cular phenomena observed two to three days 
after irradiation included endothelial cell 
swelling, increase in endothelial nuclear baso- 
philia, petechial hemorrhages involving blood 
vessels at the capillary level, and, in some in- 
stances, polymorphonuclear perivasculitis. A 


Fig. 3. [A] A photomicrograph showing, in 
transverse section, the ventral midpontile 
region in a 23-day-old rat that had been 
given 1,000 r to the head on the first post- 
natal day. Notice the thickened meningeal 
coverings (arrow) and the thickened vascu- 
lar channels of the pia mater. (x 40) [B] 
An enlargement of the block outlined in A, 
showing more clearly the thickened vascular 
walls (arrows). The lumen of the vessel on 
the right was almost completely obstructed. 
Thioine stain. (x 160) 


Fig. 4. Sections cut trans- 
versely [A] and longitu- 
dinally [B] through pre- 
capillaries in the medul- 
lary reticular formation 
of a 10-month, 5-day-old rat that had been 
given 1,000 r to the head on the second day 
postnatally. Note the thickened vessel wall and 
increased basophilia. This animal had tremors, 
a wobbly gait, and other neurologic signs, and 
mést’ of tlie small vessels of the brain stem 
appeared similar to those pictured here. (Thio- 
nine stain, A, x 480; B, x 240) 
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definitive pattern in the vascular pathology of 
capillaries at this stage seemed discernible. 
The earliest, most common change with the 
lowest radiation threshold seemed to be the 
simple swelling of the endothelial cell cyto- 
plasm with a concomitant increase in nuclear 
basophilia. As survival time after radiation in- 
creased, this process either seemed arrested 
and reversible (lower dosage of radiation or 
older rat at time of radiation) or progressed 
to perivasculitis and capillary rupture present- 
ing a picture of multiple petechial hemorrhage 
(higher radiation dosage in younger rats). 

In the long-term series (survival periods of 
twenty days to fourteen months), vascular 
pathology consisted principally of an increase 
in the thickness of vessel walls with a conse- 
quent narrowing of the vascular lumen. This 
was especially evident in vessels seen within 
the meningeal layers on the surfaces of the 
brain (Fig. 3B), although at times deeper ves- 
sels also showed unmistakable signs of dam- 
age. The thickening in the blood vessel walls 
was most pronounced in the tunica media and 
tunica intima, so that the total vessel diameter 
did not increase but the lumen decreased. 
Around such fibrosed vessels, signs of a minor 
chronic inflammatory process often were seen. 
In these instances, the inflammatory reaction, 
characterized by mononuclear cells, was pos- 
sibly the residual of more acute inflammatory 
reactions observed in the short-term series. 

Neurons and neuroglia. Pathologic changes 
in the brain and brain stem involving neuronal 
and neuroglial elements were observed after 
head irradiation during the infant period in 
our series of rats. Generally speaking, lesions 
in the nervous system were observed most fre- 
quently in animals administered the higher 
doses during the early postnatal period. No 
large areas of necrosis were visible in animals 
sacrificed twenty-four to seventy-two hours 
after irradiation. In the brains of these ani- 
mals, however, acute and rather widespread 
capillary damage was seen, as described 
above. It seemed as though processes were 
underway which would result in larger necrot- 
ic sites, especially in rats administered 1,000 r, 
had these animals been allowed to live for 
longer periods. This assumption seems espe- 
cially valid since other animals radiated at the 
same postnatal time and sacrificed one to 
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fourteen months later showed larger lesions in 
the brain. The areas that were most often in- 
volved included the cerebellum, basal ganglia 
(especially the globus pallidus and caudate nu- 
cleus), diencephalon, and medulla (Fig. 5A, 
B, and C). 

In a number of rats, sections of the brain 
stem showed excessive numbers of neuroglial 
cells even though no distinct localized lesions 
could be seen. This “hypergliosis,” unassociated 
with apparent neuronal damage, was most in- 
tense in white matter and most frequent in 
midbrain, pons, and medulla but was also seen 
in the caudate nucleus and globus pallidus. 


DISCUSSION 


Studies of Bagg,* Job,* Wilson,® 
Warkany and Schraffenberger,® and others have 
established the fact that prenatal developing 
brain is an extremely radiosensitive organ. 
Hicks®* states that “in the rat, starting in the 
9th day (prenatal age) irradiation produces 
severe head and especially brain malforma- 
tions (anencephaly), anophthalmia on the 10th 
day, hydrocephalus and other brain deformities 
on the 11th and 12th days, cord and spinal 
anomalies on the 11th to 13th days, and var- 
ious patterns of microcephaly and cerebellar 
deformities from the 12th day until the neo- 
natal period.” In another article, Hicks** re- 
marked that “primitive differentiating cells of 
the nervous system are probably the mam- 
malian cells most easily destroyed by ionizing 
radiations,” and it was found that doses as low 
as 40 r resulted in cellular necrosis of neu- 
roblasts in less than four hours. 

The pathologic findings in the brains of the 
animals in our series correlated very closely 
with the neurologic signs described else- 
where.®! One of the most interesting phe- 
nomena was the fact that radiation dosages ad- 
ministered to the brain during the first week 
postnatally resulted in neurologic signs and 
neuropathology not encountered when the 
same dosage was given during the second or 
third postnatal week. The 15-day-old (post- 
natal) rat nervous system required at least 4 
times the radiation dosage to produce the same 
neurologic signs and brain neuropathology as 
the 1- or 2-day-old brain. This quick develop- 
ment of relative radioresistance in the brain 
comes during a period of very active physi- 
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ologic, morphologic, and biochemical changes 
in the rat brain. It is during the first two-week 
period postnatally that the electroencephalo- 
gram becomes regular and assumes the charac- 
teristics seen in the electroencephalogram of 
adult rats.°> During this early postnatal period, 
the packing density of cortical cells in mouse 
brain decreases and becomes more like that of 
the adult. Haddara*® states that “the packing 
density of neurons decreases rapidly between 
the 3rd and 7th day after birth and then more 
slowly, no change taking place after the 17th 
day.” This would indicate an increase in cyto- 


Fig. 5. Brain lesions in rats twenty- 
three days after 1,000 r radiation 
to the head on the first postnatal 
day [A and B] and, in another ani- 
mal, one year after 500 r radiation 
to the head on the first day post- 
natally [C]. Lesion sites are glo- 
bus pallidus [A], caudate nucleus 
[B], and white matter of occipital 
cortex [C]. In A and B, the lesions 
are hemorrhagic and microscop- 
ically show evidence of early or- 
ganization. In C, the lesion ap- 
pears older and more organized 
with a surrounding neuroglial scar. 
Thionine stain. (x 75) 


plasmic constituents along with the develop- 
ment of a more elaborate cortical dendritic 
system. 

These physiologic and morphologic changes 
in the rat brain during this early period of de- 
veloping radioresistance are also combined 
with a dynamic period of biochemical trans- 
formation. Thus, oxygen uptake increases 
steeply, as does the lactic acid production; 
there are steep rises in the development of 
actyl- and pseudocholinesterase.5*.57 Water 
content decreases significantly,®* and levels of 
proteins, lipids, and desoxyribonucleic acid rise 
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markedly. During this early postnatal period, 
the rat central nervous system appears to be in 
the same critical state of maturation as fetal 
guinea pig brain in the last third of its fetal 
development.®°® The time sequence of our 
clinical and neuropathologic findings are quite 
in agreement also with those of Levinson and 
Zeigler,®’ who found that radiation produced 
the greatest deficits in learning ability in the 
rat when the radiation dosages were given dur- 
ing the first four days of life, whereas radiation 
at the same dosages beyond 18 days of age 
produced no significant learning decrements. 
The cerebellum is perhaps the most incom- 
pletely developed portion of the rat brain at 
birth, and few of the folia visible in the adult 
are evident at the end of gestation. Notwith- 
standing this, the Purkinje cells are not 
thought to divide after the sixteenth day of 
gestation, although endothelial cell division 
and cells of the external granular zone prob- 
ably do continue to divide during the first 
postnatal week.*! It would be important to 
know to what degree neurons or neuroglia in 
other regions of the brain continue to divide 
after birth, information that more than likely 
is forthcoming with studies utilizing radio- 
autographic technics of incorporated tritiated 
thymidine. From information available at the 
present time, mitosis in the nervous system is 
definitely on the decline by birth, but it is 
difficult to completely rule out the possibility 
that some of the neurologic and pathologic 
effects seen in our animals after radiation were 
the result of radiation effects on cell division. 
This could not account, however, for the acute 
and longstanding hemorrhagic lesions. The 
fact, that often, severe neurologic signs were 
evident as early as the third postnatal week 
might also indicate a more widespread direct 
effect on neurons, neuroglia, and blood vessels. 
It is our feeling that radiation to the nervous 
system does not singularly affect one element 
of the brain such as the neuron, endothelial 
cell, or neuroglial cell but that each of these 
elements is radiosensitive to some degree. 
The effects of irradiation on the intensive 
biochemical changes occuring in the rat brain 
shortly after birth is the area to which we are 
now directing our attention. In this way, we 
hope to-add some biochemical information to 
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the reasons why a 3-week-old rat brain is rela- 
tively radioresistant while a newborn brain is 
very radiosensitive. 


SUMMARY 


The heads alone of 112 neonatal rats were 
radiated with single doses of 125, 300, 500, or 
1,000 r. The age of the animals at the time of 
radiation ranged from 8 hours to 15 days. 

A very high degree of correlation was found 
between the observance of neurologic signs 
and brain pathology. The brains of animals 
irradiated during the first three to five days 
of postnatal life proved more radiosensitive 
than those of animals irradiated during the 
latter part of the second postnatal week. This 
was revealed not only by the onset of neuro- 
logic signs but also in the neuropathology. 

Pathologic changes were observed in the 
neurons, neuroglia, blood vessels, and choroid 
plexus. Hydrocephalus and microcephaly were 
also noted. Lesions were most frequently 
found in subcortical white matter, basal gan- 
glia, cerebellum, hypothalamus, and medulla. 


The authors gratefully acknowledge the technical assistance 
of Mr. Leroy Brown in this project. 
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The Centenary of the National 


Hospital, Queen Square 


Russell N. DeJong, M.D. 


THE CENTENARY of the National Hospital, 
Queen Square, was observed during the week 
June 20 through 25, 1960. It is fitting that we 
in American neurology, who owe so much of 
our heritage to British neurology and to Queen 
Square, should acknowledge this anniversary 
and congratulate our brothers across the sea. 

Neurology was still in its infancy when the 
National Hospital, the first medical institution 
established for the care and cure of patients 
with diseases of the nervous system, opened 
its doors in 1860. Apart from institutions for 
the care of the insane and for lepers and those 
suffering from a few other maladies, hospitals 
reserved for the treatment of specific diseases 
were rare until the turn of the century. 
Duchenne obtained his clinical material by 
visiting all the general hospitals to which he 
could obtain admission and by investigating 
patients in their own homes. Romberg had no 
wards reserved for neurologic cases. It was 
some years later that Charcot found his mater- 
ial in the Salpétriére of Paris, both an asylum 
and a hospital where large numbers of patients 
suffering from epilepsy and other chronic ner- 
vous disorders were housed. He was able to 
observe the course of each illness over long 
periods, often to the postmortem table, and to 
obtain properly investigated material for the 
laboratory he established—something that was 
already in effect in London, at Queen Square. 

The lack of facilities to care for victims of 
chronic neurologic disease in the middle of the 
nineteenth century was brought to the atten- 
tion of a small group of philanthropic humani- 
tarians, including two sisters, Johanna and 
Louisa Chandler, and their brother Edward, 
whose interest in nervous diseases was aroused 
by the long illness and paralysis of their grand- 
mother. Funds were raised, partly through the 
interest of the then Lord Mayor of London, 
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who also had a paralytic affliction. A Board 
of Management was established, at the first 
meeting of which the name “The National 
Hospital for the Relief and Cure of the Para- 
lysed and Epileptic” was established. A lease 
was obtained on a house at No. 24, Queen 
Square, Bloomsbury, and in the spring of 1860 
the first patients were admitted to the hospital, 
in which there were 8 beds, consulting rooms, 
and a dispensary. A need for expansion was 
ever present, adjoining houses were incorpo- 
rated (Fig. 1), and during the twenty years 
between 1865 and 1885 the hospital gradually 
grew from an ill-adapted old house with 
meager accommodations to what was at that 
time a well-appointed building housing about 
160 patients. There was continual growth, but 
no further noteworthy extension occurred until 
1934 when the wards and laboratories to the 
south of the hospital, financed in part by the 
Rockefeller Foundation, were opened (Fig. 2). 
Future expansion will provide additional facil- 
ities for patient care and research. 

Throughout the years, the National Hospital 
has been not only a haven for the cure of the 
sick but also a medical school and research 
center. Teaching in the outpatient department 
has been a prominent feature from thé very 
beginning. In 1948, when the hospital came 
under the control of the Ministry of Health, 
the medical school became the “Institute of 
Neurology,” and two years later it was made a 
member of the British Post-graduate Medical 
Federation and a unit of the University of 
London. Shortly thereafter, the medical school 
of the Maida Vale Hospital for Nervous Dis- 
eases was incorporated with it. 

Although it is true that “Queen Square” and 
“National Hospital” are to Americans synony- 
mous with British Neurology, it is the men 
who have worked there who come to mind 
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when we think of the hospital—those indivi- 
duals whe have personally extended the 
bounds of neurologic thought and investiga- | 
tion througout the years. It is not possible, in 
a short article, to do justice to these men, or 
even to name them all, but some mention must 
be made of a few of them, for it is they who 
are, to most neurologists, the National Hos- 
pital. 

The first physician appointed to the hospital 
was Dr. Jabez S. Ramskill (1825-1897). While 
his name is not associated with any notable 
advance in medicine, he is said to have been 
an excellent lecturer, deeply interested in the 
drug treatment of epilepsy. Associated with 
the hospital from its beginnings to his death 
in 1897, he must deserve much credit for its 
development. The second physician appointed 
was Dr. Charles Edouard Brown-Séquard 
(1817-1894), the peripatetic neurologist and 
investigator, who served only until 1863. Al- 
though known for his clinical work and inves- 
tigations, his time in London was devoted =™& 
mainly to private practice and lecturing, with 
little in the field of research. At various times 


Fig. 1. The National Hospital, Queen Square, 
in 1866 
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Fig. 2. The National Hospital, Queen Square, in 1938 


Fig. 3. John Hughlings Jackson 


Fig. 4. Sir William Richard Gowers 


he worked and taught in Paris, Philadelphia, 
New York, and Boston. On the death of Claude 
Bernard, he was elected, at the age of 61, to 
the Chair of Medicine in the Collége de 
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France, a post he occupied until his death 
sixteen years later. 

The two men whose names stand out most 
prominently during the early years of the 
National Hospital are Hughlings Jackson and 
Sir William Gowers. Very different in their 
personalities and achievements, they were 
complementary, and each held the other in 
high esteem. They both had the ability to ob- 
serve closely and accurately symptoms and 
signs of nervous disease. 

John Hughlings Jackson (1835-1911) was 
first appointed an assistant physician to the 
hospital in 1862 (Fig. 3). His numerous and 
detailed contributions to neurologic thought, 
especially those dealing with epilepsy and dis- 
orders of the functions of speech, were based 
on scrupulous clinical observations and minute 
recording of them. He is best known for his 
studies on “convulsions beginning unilaterally,” 
although we are also indebted to him for many 
other contributions to neurologic thought. He 
was one of the joint editors of Brain upon its 
establishment in 1878. Most of his numerous 
articles, some published in obscure journals, 
were collected and edited by James Taylor and 
published, with a complete bibliography, in 
two volumes in 1931, under the title Selected 
Writings of John Hughlings Jackson. This has 
recently been reprinted. 

William Richard Gowers (1845-1915) was 
appointed the first medical registrar to the Na- 
tional Hospital in 1870 and assistant physician 
two years later (Fig. 4). Although he also 
made noteworthy contributions to neurology, 
especially by his investigations on epilepsy and 
allied states, he was best known for his clinical 
skill, remarkable insight into the nature of 
disease, and clear exposition in teaching. His 
Manual of Diseases of the Nervous System, 
published in two volumes in 1886 and 1888, 
remained for many years the most popular 
textbook and reference work on affections of 
the nervous system in England as well as 
abroad and was translated into many lan- 
guages. It has been termed the “Bible of Neu- 
rology,” and there is still an axiom at Queen 
Square that no one who imagines he has 
stumbled upon something novel or obscure 
should neglect to consult the Manual before 
claiming originality or hurrying into print. 

Other distinguished physicians on the staff 
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of the National Hospital during its early and 
later years include, among others, the follow- 
ing: Charles Bland Radcliffe, who succeeded 
Brown-Séquard; Sir John Russell Reynolds, 
whose Diagnosis of Diseases of the Brain, 
Spinal Cord and Nerves, published in 1855, 
was one of the first systematic treatises on 
nervous disorders in English; Sir Edward 
Henry Sieveking, who translated Romberg’s 
Textbook of Nervous Diseases into English; 
Thomas Buzzard, a sound practical physician 
and excellent teacher; Henry Charlton Bastian, 
best known for his books Aphasia and Other 
Speech Defects and Brain as an Organ of the 
Mind; Sir David Ferrier, one of the pioneers 
in experimental research on the nervous system 
and outhor of Localisation of Cerebral Disease 
and Functions of the Brain; Howard Henry 
Tooth, whose name is associated with those of 
Charcot and Marie from his description of a 
distal atrophy; Sir Victor Horsley, the father 
of neurosurgery; James Samuel Risien Russell, 
one of the most popular teachers in the history 
of the hospital; Frederick Eustace Batten and 
James Stansfield Collier, who described, with 
Risien Russell, the clinical and pathologic 
features of subacute combined degeneration of 
the spinal cord; Charles Edward Beevor, who 
made important observations on the trunk 
musculature in nervous disease; Samuel Alex- 
ander Kinnier Wilson, known for the disease 
bearing his name as well as his textbook, still 
in use; R. Marcus Gunn, who demonstrated 
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the value of the ophthalmoscope in providing 
evidence of systemic disease; Leslie J. Paton, 
who investigated the pathogenesis of papil- 
ledema and optic neuritis; William John Adie, 
whose pupillary syndrome is well known; 
George Riddoch, who made valuable contri- 
butions to the study of injuries of the spinal 
cord; the late Joseph Godwin Greenfield, some 
of whose important contributions to neuro- 
pathology appeared posthumously. The above 
are only some of the outstanding staff mem- 
bers who are no longer living. The distin- 
guished physicians of the staff of the National 
Hospital who are still living, although some 
have retired from active work, are known to 
all who deal with neurology, and to name 
them would be superfluous. They are the ones 
who are carrying on the tradition of Queen 
Square, established so admirably by their 
predecessors. 

American Neurology, and neurologists all 
over the world, join in congratulating the Na- 
tional Hospital on its centenary. May this one 
hundred years be but a milestone in the de- 
velopment of neurology throughout the world. 


I wish to thank Dr. Macdonald Critchley, who assisted me 
in the preparation of this article by providing illustrations 
and allowing me to review, in advance, the page proof of 
the centenary volume Queen Square and the National Hos- 
pital, as well as a typescript of his article “The Beginnings 
of the National Hospital Queen Square,” prepared for pub- 
lication in the British Medical Journal at the time of the 
centennial. Also used as a valuable reference was The 
National Hospital Queen Square, written by Dr. Gordon 
Holmes in 1953. 


Neurologic status of 3-year-old children 
originally studied at birth 


Don Thurston, M.D., Frances K. Graham, Ph.D., 
Claire B. Ernhart, Ph.D., Peter L. Eichman, M.D., and 
Marguerite Craft, M.A. 


Interest in the broad problem of the relation- 
ship of possibly injurious perinatal experi- 
ences and later developmental defects has 
always been considerable. While no one 
doubts that many of these experiences can re- 
sult in death to the fetus or neonate, opinion 
has been divided on whether there are residual 
effects if the organism survives. Gesell’ re- 
peatedly stressed his belief that a wide variety 
of defects, neurologic and behavioral, might 
be traced to brain injury occurring during this 
period of life and was particularly concerned 
with the effects of possible “minimal brain 
damage.” He felt that such damage was far 
more frequent than was usually realized and 
that its consequences would explain many 
anomalous defects, including such phenomena 
as behavior problems, difficulties in learning to 
read, and so on. More recently, this opinion has 
been bolstered by the series of studies of Pasa- 
manick, Lilienfeld, Knobloch, and Rogers.?* 
Investigation of the perinatal history in various 
impaired groups, ranging from cerebral palsy 
and epilepsy to behavior and speech problems, 
has led them to postulate a “continuum of re- 
productive casualty” which expresses in con- 
densed form the idea that a variety of injurious 
experiences associated with reproduction may 
result in a variety of consequences ranging 
from increased mortality through disabling 
neurologic damage to the minor behavioral 
deviations. 

The present study was designed to investi- 
gate certain aspects of this general problem. 
In contrast to obtaining retrospectively the 
newborn history of children with known de- 
fects, we have begun with a sample of new- 
borns and. have studied their development 
when they reached the age of 3 years. As new- 
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borns, these children were classified into 3 
main groups: those whose prenatal and birth 
experience appeared to be entirely normal, 
those in whom there was reason to suspect a 
period of fetal anoxia er who experienced 
apnea postnatally, and a group with a variety 
of other complications including prematurity, 
blood incompatibilities, and frank birth injury. 
Although 340 children have been reexamined 
at 3 years, the size of the sample is still too 
small to attempt to isolate specific injurious 
factors, as toxemia or placental hemorrhage, 
within the broad categories. This would neces- 
sitate a large scale statistical study of the type 
now being undertaken collaboratively by a 
number of institutions under the auspices of 
the National Institute of Neurological Diseases 
and Blindness and the National Institute of 
Mental Health.? We are concerned, in this 
report, with the problem of whether children 
within the 2 broad groups of perinatal diffi- 
culties would later show impairment of neuro- 
logic functions as compared with the normal 
group. The question of impairment in other 
areas of functioning will be considered in later 
reports as well as the problem of identifying 
the individual child who will show subsequent 
defective development. 

Several large, relatively well-controlled 
studies have been reported in recent years 
which failed to find any significant difference 
between normal and perinatally complicated 
groups.*-!2 Since these results conflict with the 
conclusions of Gesell,! of Pasamanick, Lilien- 
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NEUROLOGIC STATUS OF 3-YEAR-OLD CHILDREN 


feld, Knobloch, and Rogers,?* and of a num- 
ber of other human and animal studies,!*-27 
possible explanations of these discrepant con- 
clusions were discussed in a previously pub- 
lished article.** 

One difficulty with a number of studies has 
been the failure to exclude from control groups 
children with possible fetal anoxia, congenital 
maldevelopment, or other injurious factors such 
as blood incompatibilities. Another problem 
concerned the broad question of sensitivity in 
research design. If only gross neurologic de- 
fects are to be studied, the frequency of posi- 
tive findings is likely to be low and will not 
appear statistically significant unless a very 
large study is conducted. Alternative solutions 
are to establish degrees of probable injury — 
separating those with mild complications from 
the more severe — or to measure minor as well 
as major defects. Not only would minor de- 
fects be expected with a greater absolute fre- 
quency but, by measuring them, information 
is obtained on a question of importance, that 
is, whether such minor defects are associated 
with these complications and may therefore be 
consequences of the postulated “minimal brain 
damage.” 

An attempt was made in the present study 
to cope with these difficulties. In addition to a 
strict definition of normality, newborns were 
evaluated by measures of the blood oxygena- 
tion,”® 8° their behavioral response to test pro- 
cedures,*!: 82 and weighting significant factors 
in the over-all medical history of pregnancy, 
delivery, and neonatal period.** In measuring 
development at 3 years, attention was focused 
Ga measuring personality and intellectual and 
neurologic functions of the sort thought to be 
especially sensitive to impairment after injury 
to the brain. The present report concerns only 
the results of the neurologic examination and 
only the classification in terms of the over-all 
perinatal history. 


SUBJECTS 


All subjects selected for follow-up were born 
on the inpatient service of a private teaching 
hospital. Although the subjects of the study 
are representative within strata and groups of 
the hospital population, the hospital popula- 
tion itself cannot be considered representative 
of the general United States population. The 
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socioeconomic level of patients and the quality 
of prenatal and postnatal care are above aver- 
age. In selecting subjects for study, 3 methods 
were employed. First, newborns with postnatal 
apnea and with other complications, except 
normal prerhaturity, exhausted the population 
of such infants born in the hospital during the 
period of study. Subjects with signs of fetal 
anoxia (and without postnatal apnea) were 
part of a second, essentially unselected sample, 
and their presence in the study depended only 
on their being born at the time one of the 
investigators was on duty on the delivery floor, 
hence usually in the daytime. Normal full-term 
and premature newborns were also obtained 
from the unselected sample, but the total num- 
ber of such cases was increased by a third 
selection method, random sampling within sex- 
race-socioeconomic strata to provide matching 
with the complicated groups. Subjects ob- 
tained by these means who had congenital 
malformations or other mild or questionable 
complications were not included in the 3-year 
follow-up. 

The selected cases number 191 normal new- 
borns, 132 “anoxic” newborns, and 98 with 
“other complications.” Normal subjects were 
infants above 2,500 gm. birth weight, with an 
uneventful prenatal and neonatal course, who 
were products of a single spontaneous or low- 
forceps delivery. Anoxic subjects were those 
with a period of suspended respiration post- 
natally or with complications during preg- 
nancy and labor of the sort likely to be associ- 
ated with reduction of the fetal oxygen supply 
or signs of fetal distress, as slowing of the fetal 
heart rate. The exact signs used and a method 
of weighting them have been previously de- 
scribed.3* All anoxic newborns were full term, 
and there was no evidence of any other kind 
of complication. The group with “other com- 
plications” included prematures, blood incom- 
patibilities, frank birth injury, and a few 
miscellaneous conditions such as hypoglyce- 
mia. Birth injury was diagnosed when there 
was skull fracture, brachial plexus injury, or 
suspected intracranial injury. More than half 
of these children also had signs of fetal anoxia 
or postnatal apnea. 

Of the 421 cases selected for follow-up, we 
were able to examine 355 at 3 years of age, of 
whom 340 also completed the neurologic ex- 
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TABLE 1 
CLASSIFICATION OF NEUROLOGIC FINDINGS 


Normal: No findings 
Essentially normal: One or more of the following deviations 
1. Unusual psychologic responses 
a. Observed during examination, as excessive fear, 
negativism, distractability 
b. Night terrors reported by the mother 
. Breath holding and febrile convulsions reported 
. Speech disturbance 
. Asymmetry of cranium 
. Heterophorias or heterotropias 
. Facial asymmetry 


. Nonspecific gait disturbance, as toeing in, foot ever- 
sions 


8. Hyperextensible joints 

9. Hyperreflexia 

10. Hypotonia 
Suggestive: Any one of the following, whether or not ac- 
companied by the above “essentially normal” deviations 

1. Asymmetric hypotonia of one side 


or one extremity 11 cases 

2. Asymmetric hype aver 4 cases 

3. Suggestive facial weakness . 11 cases 
4. Suggestive facial weakness and 

asymmetric hypotonia 1 case 

5. Neurologic gait 2 cases 

6. Ankle clonus 2 cases 

7. Suggestive cog whee ling 1 case 

. Microcephaly 1 case 


Positive: Any one of the following, whether or not accom- 
panied by the above “essentially normal” deviations 
1. One-sided ~ and one-sided 


hypotonicity 5 cases 
2. One-sided hyperreflexia and probable 

hydrocephaly 1 case 
3. One-sided hyperreflexia 

ankle clonus 1 case 
4. Suggestive left facial ouiieem, left genu 

recurvatum with hypotonia quadriceps, 

hyperactive left ankle jerk, left gastroc- 

nemius tightness, suggestive weakness 

left spinal accessory nerve 1 case 
5. One-sided hypotonia and facial woelneus 1 case 
6. Hemiplegia or hemiparesis . 4 cases 
7. Definite facial weakness . Scases 
8. Grand mal convulsions with focal Sentases. 1 case 
9. Right facial left 

spasticity : 1 case 
10. Spastic quadriplegia , 1 case 
11. Microcephaly with gait 1 case 


amination. The 66 cases, or 15.7% of the 
sample, lost to follow-up were distributed with 
chance frequency among the 3 groups of sub- 
jects. The major cause of loss was the family’s 
moving out of the geographic range of the 
study. This accounted for 50 of the 66 sub- 
jects; 7 subjects had died (2 of whom were in 
the normal group) and 3 subjects had to be 


excluded because of intervening central nerv- 
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ous system trauma. In 4 cases, cooperation 
with the study could not be obtained, and 2 
children had been adopted through agencies 
that would not allow contact with the adoptive 
parents. 


PROCEDURE 


The 3-year examination was a single two to 
three hour session consisting of psychologic 
tests followed by a brief neurologic examina- 
tion. All examinations were conducted without 
knowledge of the newborn classification, and 
questions concerning this period were omitted 
from the history-taking. The neurologic exam- 
ination was made by the senior author, the 
pediatrician in charge of the neurologic serv- 
ices of the St. Louis Children’s Hospital of the 
Washington University School of Medicine. In 
a few instances, children had to be examined 
by the resident assigned to the pediatric neu- 
rology service. These results were reviewed 
with the regular examiner, and, in several 
instances where questions were involved, 
the child was reexamined. The purpose of 
reexamination was not to provide more ex- 
tensive examination of questionable cases but 
to insure uniformity in the method of exami- 
nation. It was felt desirable that all subjects 
should be given exactly the same procedure, 
and the usual clinical practice of carrying out 
more extensive testing when suspicion of 
defect arose was not followed. 

The neurologic examination included a 
brief, standard study of the cranial nerves, 
reflexes, muscle tone, gait, and postural per- 
formance as well as observation of general 
reactions, speech, facies, and so on. Height, 
weight, and head and chest circumferences 
were also obtained. Neurologic notes were re- 
corded on a standard data sheet in the form 
of check marks and descriptive observations. 
In some cases, a neurologic diagnosis was 
made, but, except where such a diagnostic 
label was attached at the time of examination, 
results are reported in terms of the descriptive 
observations. 

Results of the neurologic examination were 
classified by a second author, assistant profes- 
sor of neurology of the University of Wiscon- 
sin School of Medicine. As shown in Table 1, 
4 categories were distinguished. The classifica- 
tion “normal” includes only children for whom 
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TABLE 2 
PERCENTAGE DISTRIBUTION OF NEUROLOGIC FINDINGS IN 3-YEAR-OLD CHILDREN 


WITH NORMAL, ANOXIC, OR OTHER-COMPLICATED PERINATAL HISTORIES 


Normal 

Neurologic findings N=153 
Normal 47.7 
Essentially normal 45.1 
Suggestive 5.2 
Positive 2.0 

100.0% 


x* Normal vs Anoxic 13.66, P<.01 
x Normal vs Other 13.46, P<.01 
x* Among groups 21.09, P<.01 


there were no recorded deviations of any kind. 
The second classification is called “essentially 
normal” and includes deviations that would 
not usually be a cause for concern and that 
may not have any significance insofar as cen- 
tral nervous system functioning is concerned. 
In the absence of other accompanying dys- 
function, many physicians would consider these 
as deviations falling at the extremes of the 
normal range. On the other hand, most have 
been implicated as possible indicators of mini- 
mal central nervous system injury. One of the 
purposes of the present research was to deter- 
mine whether such deviations occur with in- 
creased frequency among children with defi- 
nite neurologic signs and whether they occur 
with differential frequency in children with 
differing exposure to trauma. The third classi- 
fication is “suggestive findings.” The evidence 
of abnormality is not compelling in these cases 
but does raise suspicion that some kind of 
central nervous system damage is present. Un- 
certainty arises because either a finding is not 
considered sufficient by itself to implicate defi- 
nitely the central nervous system or the exam- 
iner felt the observation to be somewhat 
questionable. The fourth category, “positive 
findings,” includes children who presented def- 
inite neurologic signs indicative of damage to 
the central nervous system. In addition to list- 
ing the findings considered essentially normal, 
suggestive, or positive, Table 1 records the 
frequency of cases with each suggestive or 
positive finding. An individual child is repre- 
sented only once. If he had more than one of 


Newborn classification 


Anoxic Other complications 
N=109 N=78 

34.9 38.5 

44.0 37.2 

10.1 17.9 

11.0 6.4 


the signs considered suggestive or positive, 
these combinations are included separately. 
Many cases classified as suggestive or positive 
also presented minor deviations which, when 
occurring alone, were classified as essentially 
normal. These are not listed in Table 1 but 
will be presented in Table 5. 


RESULTS 


The percentage frequency of normal, essen- 
tially normal, suggestive, and positive neuro- 
logic findings is shown in Table 2 for the 
3-year-old groups whose perinatal histories 
were considered normal, anoxic, or as having 
other complications. These 3 groups differ sig- 
nificantly from one another, and each of the 
perinatally abnormal groups shows  signifi- 
cantly more defects than the group whose 
perinatal history was normal. The statistical 
significance was tested by chi square, as shown 
in the table, and the probability is less than 
1% that such a difference could arise by 
chance. 

In a variety of studies, defects have ap- 
peared more frequently with lower socio- 
economic status and have also been more 
frequent in males than in females. In the 
present study, the 3 main groups had approx- 
imately the same proportions of white private, 
white clinic, and Negro children, so that socio- 
economic status differences probably could not 
account for the difference in neurologic find- 
ings. There was a difference in the sex ratio, 
however. Only 47% of the normal newborns 
were males, while 60.6 and 56.4% of the anoxic 
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TABLE 3 
PER CENT OF MALES AND OF FEMALES WITH 


SUGGESTIVE OR POSITIVE NEUROLOGIC 
FINDINGS AT AGE 3 


Newborn classification 


Normal Anoxic Other 
Males 5.6 22.7 34.1 
Females 18.6 11.8 
and other-complicated groups, respectively, 


were males. If maleness is associated with the 
presence of neurologic signs, the greater fre- 
quency of neurologic findings in the compli- 
cated groups might be due only to the fact 
that they have proportionately more males. 
Table 3 shows that the results cannot be ac- 
counted for in this way, since, in the absence 
of complicating factors, maleness was not as- 
sociated with neurologic findings. Males in the 
normal group actually had a slightly smaller 
percentage of suggestive or positive neurologic 
findings than did females. It is possible, how- 
ever, that sex, while not accounting for the 
greater frequency of neurologic findings in 
complicated groups, interacts with complica- 
tions. The percentage of neurologic findings 
increased in the complicated groups for both 
males and females, but the increase was rela- 
tively greater in the males than in the females, 
suggesting that males may be more affected 
by a complication. 

Table 4 shows subdivision of the 3 main 
newborn groups. By combining the suggestive 
and positive classifications, it is possible to 
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make some statistical comparisons of the rela- 
tive frequency of neurologic findings in these 
various subgroups. 

The anoxic group has been subdivided into 
those with only signs of fetal anoxia, those with 
a period of postnatal anoxia, and those who 
were exposed to both postnatal apnea and 
to probable fetal anoxia. The 2 subgroups with 
postnatal apnea show a significantly higher 
frequency of suggestive and positive neuro- 
logic findings than the normal groups (y?= 
11.54 and 7.99, P < .01 in a one-tailed test), 
while those with fetal signs alone do not. 

The remaining subgroups shown in Table 4 
are composed of subjects who were classified 
in the other complications group. These in- 
clude prematures with and without signs of 
anoxia, blood incompatibilities with and with- 
out signs of anoxia, and birth injuries. Of 
these groups, 3 have a significantly higher 
percentage of neurologic findings than the 
normal full-term subjects (using one-tailed 
tests, for anoxic prematures, y?=3.18, P<.05; 
for blood incompatibilities, y7=4.20, P<.05; 
for birth injuries, y>=14.11, P<.01). The size 
of the groups is too small to permit any further 
breakdown of the anoxic classification 
fetal anoxia and postnatal apnea. 

Neither the anoxic prematures nor the 
anoxic blood incompatibilities differ signifi- 
cantly from prematures and blood incompati- 
bilities without anoxia, although the anoxic 
premature group does show the greater fre- 
quency of neurologic findings. It should be 
noted that the groups were not equated for 


into 


TABLE 4 


PER CENT OF VARIOUS NEWBORN GROUPS WITH SUGGESTIVE 
OR POSITIVE NEUROLOGIC FINDINGS AT AGE 3 
(The total number of cases in each group is inserted parenthetically ) 


No signs 
of perinatal anoxia 


Signs of anoxia 


Full-term newborns 7.2 


Premature newborns 


Full term with blood 
incompatibilities 


11.8 


26.7° 
Birth injury 


*P<.05 
*°P<.01 in a one-tailed x* test 


(N=153) 21.1 (N=109) 
Fetal 88 (N=34) 
Postnatal 28.3°° (N=39) 
Both 25.0°° (N=36) 

(N=17) 20.8° (N=24) 

(N=15) 25.0  (N=12) 


57.1°° (N=7) 
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TABLE 5 


PER CENT FREQUENCY OF VARIOUS “ESSENTIALLY NORMAL” FINDINGS IN 3 YEAR OLDS 


With other 
Without other neurologic fiindings and with neurologic 
a perinatal history that was findings 
Essentially Normal Anoxic Complicated All groups 
normal findings N=142 N=86 N=59 N=53 
A. Independent*® 
1. Unusual psychiatric 
reactions 11.3 22.1 20.3 30.2 
2. Breath holding or 
febrile convulsions 5.6 3.5 3.4 1.9 
3. Speech disturbance 1.4 0.0 3.3 3.8 
4. Asymmetry of cranium 2.1 1.2 0.0 0.0 
5. Heterophorias or 
heterotropias 34.5 24.4 26.2 32.1 
B. Not independent®* 
6. Facial asymmetry 0.0 1.2 3.3 0.0 
7. Gait disturbance 4.2 8.1 49 9.4 
8. Hyperextensible joints 0.7 4.7 3.3 1.9 
9. Hyperreflexia 2.1 4.7 3.3 7.6 
10. Hypotonia 78 12.8 6.6 7.6 


° Findings that may be observed in addition to definite neurologic signs 
°° Findings that would not be obtained if a more definite neurologic sign were present 


sex, degree of prematurity, or severity of the 
blood incompatibility disease. These factors 
would, of course, have to be taken into ac- 
count if any positive conclusions were to be 
drawn. In the case of the prematures, the mean 
birth weight of the anoxic prematures was 
2,109 gm. and the mean birth weight of the 
normal prematures was 2,200 gm. This is not 
a significant mean difference, but it does favor 
the normal prematures. It would be more diffi- 
cult to attempt to equate the degree of blood 
incompatibility disease, and equating has not 
been attempted. The relatively high frequency 
of neurologic findings in these children is of 
particular interest since they were all treated 
cases. Transfusions were given shortly after 
birth where it was deemed desirable, or ACTH 
therapy was employed. 

The classification system was described in 
detail above, and the actual suggestive and 
positive findings that were obtained were 
listed. An effort was made to see whether 
there was any relationship between the type 
of perinatal complication and the specific neu- 
rologic findings, but, with such a small sample, 
no consistent pattern was observed. It was 
noted, however, that, of the 8 normal children 


with suggestive findings, all showed either 
one-sided hypotonia or suggestive facial weak- 
ness. Similarly, of the 3 positive cases with a 
normal newborn history, 2 presented one-sided 
hypotonia and one-sided hyperreflexia. The re- 
maining case had hemiparesis. 

The deviations listed in the essentially 
normal classification were those which may or 
may not have significance insofar as central 
nervous system functioning is concerned; 2 
lines of evidence from the present study may 
be used to throw some light on the possible sig- 
nificance of these signs. In the first place, if 
they are related to central nervous system 
function, such signs would be expected with a 
relatively greater frequency among children 
exposed to possibly injurious perinatal factors, 
especially since it has just been shown that 
such children do have more suggestive and 
positive neurologic findings than children with 
normal perinatal experience. In the second 
place, if these essentially normal signs are re- 
lated to central nervous system function, they 
should occur more frequently among children 
with other signs of central nervous system 
injury than among children without such signs. 

These comparisons are shown in Table 5. 
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The essentially normal deviations have been 
separated into 2 groups: those that can be ob- 
served independently of the suggestive or posi- 
tive signs obtained and those that would not 
be recorded as essentially normal if a more 
definite neurologic finding were obtained. 
Facial asymmetry, for example, would not be 
recorded in a child who exhibited definite 
facial weakness, nor could a child showing 
asymmetric hyperreflexia simultaneously show 
symmetric hyperreflexia. 

Of the 5 signs that can be observed inde- 
pendently of the suggestive and positive find- 
ings, only unusual pyschologic reactions oc- 
curred with greater frequency among the 
children with perinatal complications. This 
greater frequency was statistically significant 
in comparing the anoxic groups with the nor- 
mal, y?=4.03, P<.05. The remaining 5 non- 
independent signs tend to occur more fre- 
quently in complicated groups, but no differ- 
ences reach acceptable significance levels. 

Similar findings are obtained in comparing 
the relative frequency of essentially normal de- 
viations in children with and children without 
signs of central nervous system injury. Unusual 
psychologic reactions again showed a signifi- 
cant difference. They occurred more frequently 
in children with neurologic findings (that is, 
suggestive or positive findings) than in normal 
children without neurologic findings (y?=8.74, 
P<.01). None of the other deviations showed 
a significant differential frequency. 

While, for most of the deviations, the abso- 
lute frequencies are too low to provide a very 
satisfactory statistical test, this is not true of 
the heterophorias and heterotropias that were 
present in approximately one third to one- 
fourth of the children. These were as frequent 
in normal children without neurologic findings 
as in either complicated group or children with 
neurologic findings. As far as the nonindepend- 
ent signs are concerned, it is difficult to draw 
conclusions. They tend to occur more fre- 
quently in the complicated and suggestive- 
positive groups. The failure to find a signifi- 
cantly increased frequency could be due 
simply to the lack of independence. 


DISCUSSION 


In contrast to the Keith, Norval, and 
Hunt study"! and in keeping with results of 
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the Pasamanick and Lilienfeld retrospective 
studies,?* the present research suggests that 
neurologic findings are more frequent in 
3-year-old children whose birth and prenatal 
histories are complicated than in normal con- 
trols. Possible explanations of this difference in 
results were discussed above and in an earlier 
paper.?§ 

Children with perinatal complications were 
divided into 2 main groups: those with signs 
of anoxia and those with other complications. 
The anoxic group included children with signs 
of possible fetal anoxia, postnatal apnea, and 
postnatal apnea with possible fetal anoxia. 
Both of the groups with postnatal apnea pre- 
sented significantly more suggestive and posi- 
tive neurologic findings than the control 
group, but those with fetal anoxia did not 
show an increase that was significant. It may 
be that these cases of possible fetal anoxia had 
been exposed only to relatively mild or brief 
anoxia and consequently would not be ex- 
pected to show as much of an effect as those 
in whom suspension of respiration was ob- 
served. While it is impossible to equate the 
degree of anoxia in clinical material of this 
sort, there is supplementary evidence that does 
not favor this interpretation. As newborns, the 
response of the fetal anoxia group to behav- 
ioral tests was at least as poor, if not poorer, 
than that of the postnatal apnea group.?® 
Similarly, there appears to be as great an im- 
pairment at age 3 in the intellectual function- 
ing of those with possible fetal anoxia. The 
relationship between the frequency of neuro- 
logic residuals and impairment of intellectual 
functions will be dealt with in greater detail 
in a subsequent paper. It is sufficient for the 
present to note that the relatively less fre- 
quent neurologic findings in the fetal anoxia 
group probably cannot be interpreted simply 
on the basis of a milder complication. 

The actual suggestive and positive neuro- 
logic findings presented by these children were 
listed. The majority of the findings would 
customarily be interpreted in terms of corti- 
cospinal or pyramidal tract damage, and the 
majority of these are asymmetric findings. It 
is generally thought that hemiplegias are more 
likely than diplegias to be a result of vascular 
accidents and, where perinatal complications 
are involved, to be due to actual birth injury. 
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However, relatively few of our subjects experi- 
enced what would customarily be called birth 
injury, and the hemiplegias and other asym- 
metric findings were distributed among. all 
groups of subjects. The conclusion would ap- 
pear warranted, as Courville** has suggested, 
that perinatal anoxia can lead to injuries simi- 
lar to those traditionally thought to arise from 
contusive birth trauma. Courville,34 Benda,*5 
and others have commented that the vascular 
distribution in the newborn is such as to make 
the basal ganglia peculiarly susceptible to 
injury in any circumstances that traumatize 
the brain. 

While the findings commonly associated 
with extrapyramidal tract and basal ganglia 
lesions were not frequent in our sample, recent 
studies have emphasized the difficulty of sep- 
arating pyramidal and extrapyramidal tract 
lesions. Both tracts pass through the basal 
ganglia and are intertwined through most of 
their course to the surface of the brain. Clini- 
cal findings traditionally called pyramidal are 
known to arise from lesions involving both the 
pyramidal and extrapyramidal structures. 

Some consideration should be given to the 
nature of the neurologic examination used. This 
was a screening examination only and did not 
include the kind of extensive study that would 
be desirable for full diagnostic evaluation of a 
patient. Some significant findings will conse- 
quently have been missed. This is not a biased 
procedure, however, and is preferable for re- 
search purposes to the practice of examining 
extensively only those patients who present 
suspicious findings on initial screening. An op- 
posite tendency may also have been present. 
Because of our interest in recording all devia- 
tions, including minor and essentially normal 
deviations, it is probable that the total fre- 
quency of findings is greater than would be 
reported in routine practice, where a single 
isolated sign would receive little attention. 
This could not, of course, bias the results, 
since all examinations were made without 
knowledge of the newborn history and any 
tendency to overestimate deviations should 
be distributed equally among the newborn 
groups. It is probably unnecessary to mention 
the difficulties involved in a neurologic exami- 
nation of a 3-year-old child. Extensive experi- 
ence with such subjects is a prerequisite if any 


meaningful findings are to be obtained. Since 
the reliability of observations is necessarily less 
at this age, the protection afforded by examin- 
ing without knowledge of the history is of con- 
siderable importance. 

How consistent the present findings will be 
over the years is a question about which we 
can only speculate. It is possible that additional 
neurologic findings might be presented by 
these children when they are older. Many of 
our present observations are fragmentary com- 
pared with the typical syndrome in adults. 
This may be due to either the difficulty of 
making a reliable examination of a 3 year old 
or the fact that the typical picture found in the 
adult has not yet developed. An equally plaus- 
ible interpretation is that some of the neuro- 
logic findings obtained in the present study are 
more likely to be seen in a young child than 
at later ages. Many of the postural and motor 
functions observed as part of a neurologic 
examination are in the process of developing 
at this time. While minor lesions might inter- 
fere with the acquisition of coordinated func- 
tioning and thus be detected during the period 
of acquisition, with the repeated practice that 
basic skills of running, walking, and so forth 
receive, the handicap of the lesion might be 
overcome and the effects be no longer evident 
in the practiced performance. 

Finally, some comment should be made on 
the classification of neurologic observations. 
As previously noted, these were made without 
knowledge of the newborn history, and the 
criteria used have been given in detail in 
Table 1. The deviations considered to be es- 
sentially normal were those that might have 
some relevance for central nervous system 
functioning, but the question of relevance was 
debatable. The results of the present research 
suggest that some of these signs may be more 
valid than others. 

The only sign that was significantly more 
frequent in complicated groups and in child- 
ren with neurologic findings than in normal 
children without neurologic findings was the 
deviation, unusual psychologic reactions. Al- 
though this is not traditionally part of a neu- 
rologic examination, an increasing number of 
neurologists feel that the neurologic examina- 
tion is fundamentally an examination of be- 
havior and should not be restricted to sensory, 
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motor, and reflex behavior. This has been em- 
phasized particular’y by groups working with 
children. #6 *7 Present results indicate that the 
general reactions of children may provide a 
differential cue to central nervous system in- 
jury. A variety of abnormal behavior patterns 
were summarized under this heading, includ- 
ing excessive fear reactions, withdrawn be- 
havior, generally slow, unresponsive behavior, 
negativism, flightiness, and rage or tantrum re- 
actions. Reports by the mother of night terrors 
were also included as perhaps indicating 
anxiety. A breakdown in terms of the indi- 
vidual patterns has not been attempted in the 
present report. Since the individual behavior 
patterns were recorded only when they ap- 
peared abnormal, the data are too fragmentary 
to provide a satisfactory comparison among the 
kinds of abnormal behavior. A subsequent pa- 
per will report similar data in which a number 
of these characteristics were rated for all chil- 
dren in the sample. 

The essentially normal deviation that oc- 
curred with greatest frequency was heteropho- 
ria and heterotropia. This is an observation 
that can be made with relativelv high reliabil- 
ity, and, while it frequently occurs in the 
absence of any other neurologic findings and 
certainly could not be considered a valid sign 
of central nervous system lesion, it seems quite 
reasonable to assume that it might reflect very 
minimal past injury. However, there is nothing 
in the present study to suggest that this is the 
case, at least insofar as injury occurring peri- 
natally is concerned. While such a lesion might 
be more likely to occur as the result of an 
accident early in fetal life when the eye is 
developing, this interpretation also appears un- 
likely since the group of normal newborns 
showed as great a frequency of heterophorias 
or heterotropias as either of the complicated 
groups. While many of the complicated groups 
were known to have been exposed to unfavor- 
able conditions during pregnancy, none of the 
normal group had a known history of difficulty 
although most had been seen by the hospital 
staff for at least three months prenatally. At 
present, it seems more likely that this is either 
a genetically determined pattern or an incom- 
pletely developed one. The total frequency 
of the finding — more than one third of the 
normal children exhibited it — suggests that 
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it is a temporary imbalance which, in most 
cases, will be corrected spontaneously with 
time. 

Most of the remaining essentially normal 
deviations might be described as deviations 
within normal limits of a characteristic which, 
when it is pronounced or has a specific pattern, 
is of significance in indicating central nervous 
system damage. Thus, breathholding and a 
tendency to convulse with fever have been 
thought to reflect a susceptibility to convulsive 
disorder. Knowledge of this behavior depends 
upon the mother’s report and, in our sample, 
occurred with low frequency. There was noth- 
ing to suggest, however, that it is important 
as a sign of central nervous system function- 
ing. It occurred more frequently in the normal 
group. Asymmetries of the cranium and facies 
are similarly findings, within normal limits, of 
a pattern which, if it were of a particular type, 
would be relevant for central nervous system 
functioning. Again, these findings occurred at 
infrequent intervals and did not appear differ- 
entiating. 

Hyperextensible joints, hyperreflexia, and 
hypotonia are less easily disposed of. Although 
statistically significant differences were not ob- 
tained, they do tend to occur more frequently 
in the complicated groups or in children with 
other neurologic findings and this in spite of the 
earlier discussed factor of nonindependence. 
The major problem with these signs is deter- 
mining what constitutes abnormality in a child 
of this age. For example, when hyperactive re- 
flexes are observed, is the finding comparable 
to what would be called increased reflexes in 
an adult or are they only brisk reflexes? With 
asymmetric findings, one side of the child pro- 
vides a control for the other, and judgments 
are always easier and more reliable when they 
involve comparisons rather than absolute state- 
ments. It was partly for this reason and also 
because the observation “increased reflexes” 
was never made that svmmetric findings were 
classified as essentially normal while asymmet- 
ric findings were classified as suggestive or 
positive. Had the symmetric findings been 
given more weight, there would still be differ- 
ences between normal and _ complicated 
groups, of course. However, the inference 
drawn earlier that the majority of neurologic 


findings were unilateral should be qualifed by 
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the recognition that symmetric deviations in 
tone and reflex activity, if they occurred in the 
absence of other neurologic findings, may not 
have been given sufficient weight. 

Gait disturbances also present a problem of 
evaluation. Gait disturbances classified as es- 
sentially normal included observations of toe- 
ing in, everting the foot, and uneven shoe 
wear. As with the judgments of tone and re- 
flex function in a child of this age, it is diffi- 
cult to separate the contribution of immature 
development from that of central nervous sys- 
tem damage. Perhaps they should not be 
separated in this case, since the results indicate 
that such disturbances are more frequent 
among the complicated cases and are more 
frequently associated with other neurologic 
findings. 

SUMMARY 


A total of 340 children first studied as new- 
borns were reexamined at the age of 3 years. 
Relationships are reported between perinatal 
complications and neurologic findings at the 
time of reexamination. The neurologic exami- 
nation was made and evaluated without 
knowledge of the perinatal status. 

Suggestive or positive neurologic findings 
were significantly more frequent in children 
with a period of postnatal apnea than in nor- 
mal children or those with possible fetal 
anoxia. The fetal anoxia group showed a slight 
increase over the normal group but not a signi- 
ficant one. 

Premature children with anoxic signs, chil- 
dren with blood incompatibility disease, and a 
small group of frank birth injuries also pre- 
sented significantly more suggestive or positive 
neurologic findings. Normal prematures with- 
out anoxia had more neurologic findings than 
normal full-term children, but the difference 
was not statistically significant. 

Differences in sex ratio in the groups could 
not explain the findings, since both females 
and males showed increased neurologic find- 
ings when complications were present. How- 
ever, the males did appear more susceptible 
to complications. 

The most frequent findings were those com- 
monly interpreted as part of a pyramidal tract 
syndrome. The majority were asymmetric, but 
it was pointed out that symmetric changes in 
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tone and reflexes are difficult to evaluate at 
this age. 

A number of supposedly normal deviations 
that might have significance for central nerv- 
ous system function were evaluated singly to 
determine whether they occurred more fre- 
quently in the complicated groups and wheth- 
er they were more frequent among children 
with neurologic findings. 
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Hemorrhage into pituitary adenoma with 


spontaneous recovery and reossification 


of the sella turcica 


Erich G. Krueger, M.D., Sol M. Unger, M.D., 
and Bernard Roswit, M.D. 


ACUTE HEMORRHAGE into pituitary tumors is 
attended by fulminant symptoms and a high 
mortality rate. Of 36 patients who showed this 
syndrome in the acute form,!:? 22 died either 
in minutes or within a few hours to a month. 
Of those who survived, some recovery of vision 
or ocular movements or both was noted in at 
least 9. Some authors have related these le- 
sions to the development of Simmonds’ dis- 
ease* or severe hypopituitarism* that contrib- 
uted to mortality and morbidity. Operative 
intervention has resulted in a favorable out- 
come in several instances. However, sponta- 
neous recovery from bleeding into a presum- 
ably eosinophilic adenoma observed by Cairns® 
and in another instance by Jefferson® is a rare 
event. 

The case to be reported is another striking 
example of spontaneous recovery from hemor- 
rhage into a pituitary adenoma, which, in ad- 
dition, was accompanied by reossification and 
marked reduction in size of the previously 
greatly enlarged sella turcica. Reconstruction 
of the sella turcica after surgical and/or radia- 
tion therapy has been previously observed,*:? 
but we were unable to find another report of 
spontaneous sellar reconstruction in the litera- 
ture. We, therefore, consider the unique clin- 
ical and roentgenologic features of this case 
worthy of report. 


CASE REPORT 


A 30-year-old white mechanic was trans- 
ferred to the Bronx Veterans Administration 
Hospital on March 5, 1952, after two and a 
half weeks’ hospitalization in St. Elizabeth 
Hospital, Elizabeth, N. J., with a diagnosis of 


subarachnoid hemorrhage, pituitary adenoma, 
and possible intracranial aneurysm. 

History. About two weeks before onset of 
acute symptoms, the patient sustained a slight 
head injury. While rising from a kneeling posi- 
tion, he struck the middle third of the vault 
of his head against a flat-angle iron bar. Al- 
though stunned, he did not lose consciousness. 

On February 16, 1952, at 11 p.m., the pa- 
tient was awakened from sleep by a splitting 
headache over the entire skull, followed later 
by nausea and vomiting. The headache per- 
sisted in spite of medication. The following 
day, the patient had a high fever, became con- 
fused and lethargic, and “went out of his 
mind,” later being unable to recall anything 
that occurred during the next two days. On 
February 19, he was admitted to St. Elizabeth 
Hospital with a diagnosis of meningitis. On 
admission, he appeared confused and lethargic 
and had stiffness of the neck, a temperature of 
105° F., and blood pressure of 90/50 mm. Hg. 
The next day, the patient was much improved 
and talked rationally; neck rigidity and Kernig 
sign had disappeared. In spite of improvement 
in general status, during the first week, an al- 
most total left internal and external ophthalmo- 
plegia with ptosis as well as temporal hemian- 
opsia gradually developed. Finally, sudden 
amaurosis of the left eye appeared. The right 
eye also showed marked impairment of move- 
ments as well as sluggish pupillary reaction to 
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Fig. 1. [A] Roentgenogram of skull (March 
7, 1952) shows enlarged sella turcica with 
erosion of the floor, posterior clinoids, and 
dorsum sellae. [B] Roentgenogram of skull 
(May 6, 1958) demonstrates reossification 
and marked reduction in size of the pre- 
viously ballooned sella 


light and on near vision. The fundi appeared 
normal on examinations by neurologic and 
ophthalmologic consultants. Visual field exam- 
ination on March 3 revealed concentric con- 
traction, more marked in both temporal fields; 
the movements of the left eye appeared im- 
proved in comparison to the first ophthalmo- 
logic examination. The vision in the left eye 
returned gradually, first in the nasal and then 
in the temporal field. On March 5, the patient 
was transferred to the Bronx Veterans Admini- 
stration Hospital in a markedly improved con- 
dition with paresis of the right abducens nerve 
but no subjective complaints except for double 


vision. The transfer summary revealed addi- 
tional data. Lumbar puncture on February 21 
revealed an initial pressure of 152 mm. H,O; 
the 5 cc. of clear spinal fluid removed showed 
sugar, 69 mg. per cent; protein, 100 mg. per 
cent; Pandy, trace; and cell count, 4 white 
blood cells. A second lumbar puncture showed 
a pressure of 176 mm. H,O, slightly xantho- 
chromic fluid, 12 cells, 2+ Pandy; and 69 mg. 
per cent of sugar. A blood culture on February 
26 showed no growth. Blood and spinal fluid 
Wassermann was reported as negative. On 
February 28, an air encephalogram was carried 
out and was reported as “normal.” 

The family history of the patient was not 
contributory. The patient has been married for 
eight vears and has two healthy children. 

The previous history revealed an episode of 
a “running ear” during 1943 while he was in 
the armed forces, with a recurrent episode six 
months ago. The patient had shown normal 
growth and development and had begun to 
shave at 15 or 16 years of age but only once 
a week up to the age of 21 and twice weekly 
up to the age of 28. He was always robust 
and heavy and played fullback on his football 
team. However he stated that, during the year 
before onset of acute symptoms, he again 
shaved only once a week, had sexual inter- 
course only twice a month and drank a great 
deal of water; he had gained 35 Ib. in body 
weight in the six months before admission. 

Examination. The patient was well-devel- 
oped, athletic-type man without obvious stig- 
mata of endocrine dysfunction; he appeared 
somewhat pale but was otherwise normal in 
general physical and mental status except for 
mild lethargy. The general physical examina- 
tion did not reveal any abnormalities except 
for perforation of the left tympanic membrane. 
Temperature was 98° F., pulse, 70 per minute, 
and blood pressure, 100/70 mm. Hg. On neu- 
rologic examination, the patient showed nor- 
mal stance but slightly awkward gait with 
normal arm swing. Motor and sensory func- 
tions were intact. Mild hyperreflexia in the left 
extremities with equivocal Babinski and posi- 
tive Mendel-Bechterew response on the same 
side was noted. Cranial nerve study showed 
smell decreased on the left and, paralysis of 
the left external rectus muscle with equivocal 
weakness of the left superior rectus muscle. 
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Diplopia field studies confirmed only the pres- 
ence of left abducens paralysis. The visual 
acuity was 20/25+3 in the right eye and 
20/20—3 in the left. Peripheral visual fields 
revealed partial bitemporal hemianopsia more 
advanced on the right. Central fields could not 
be obtained at this time because of imperfect 
cooperation. The fundi showed normal outline 
and color of disk, with normal physiologic cup. 
The function of the cranial nerves was other- 
wise normal. 

Course. Roentgenograms of the skull showed 
the sella turcica markedly enlarged in all dia- 
meters (Fig. 1A) with erosion of the floor, 
posterior clinoids, and dorsum sellae. Also, 
the choroidal glomera were calcified. Electro- 
encephalography revealed a mixed but gener- 
ally slow 6- to 7-per-second background activ- 
ity with a fair amount of low voltage, fast 
patterns. On several occasions, a slower fre- 
quency range was noted in the left hemi- 
sphere, particularly in the motor and posterior 
temporal area. 

Urine was normal and fluid intake and out- 
put were within normal range. Complete blood 
count on several occasions revealed normal 
values for hemoglobin and red blood cells; the 
white blood cell count ranged between 3,000 
and 4,000 cells, with relative lymphocytosis 
of 60%. The basal metabolic rate was —17%. 
In endocrine studies, a twenty-four hour urine 
specimen taken March 11 revealed 4.2 mg. of 
17-ketosteroids. An examination on March 31 
showed 17-ketosteroids of 5.5 mg. and 11- 
oxysteroids of 11.05 mg. in a twenty-four-hour 
specimen before the administration of 25 mg. 
of ACTH by intravenous glucose-saline in- 
fusion over six hours; the following day, 12 
mg. of 17-ketosteroids and 1.48 mg. of 11- 
oxysteroids were found in the twenty-four- 
hour specimen. The Thorn test showed a 57% 
drop (123-54) in eosinophils after 25 mg. of 
ACTH. Radioisotope studies with iodine on 
March 28 were consistent with the diagnosis 
of hypopituitarism. Other laboratory studies 
revealed the following: CO,, 53 volume per 
cent; chlorides, 106 mEq. per liter; Na, 145 
mEq. per liter; K, 4.3 mEq. per liter; choles- 
terol, 163 mg. per 100 cc.; and cholesterol 
ester, 128 mg. per 100 cc. 

A lumbar puncture on March 7 revealed red 
blood cells, probably due to traumatic punc- 
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Fig. 2. 
ing elevation of anterior third of middle 
cerebral artery (arrow) 


Left carotid angiogram demonstrat- 


ture, but no xanthochromia. The spinal fluid 
protein was 102 mg. per cent; a compliment- 
fixation test was negative, as was the spinal 
fluid culture. 

On the basis of clinical and laboratory data, 
a diagnosis of hemorrhage into a_ pituitary 
adenoma was made. In order to exclude the 
possibility of intracranial aneurysm, left ca- 
rotid angiography was done and showed an 
elevation of the anterior third of the middle 
cerebral complex but no evidence of an 
aneurysm (Fig. 2). 

During the course in the hospital, the pa- 
tient progressively improved. Repeated periph- 
eral and central visual fields appeared nor- 
mal, the visual acuity remaining oculus dexter 
20/2543 and oculus sinister 20/20—3. The 
abducens paralysis had disappeared at dis- 
charge on April 25. In view of marked im- 
provement, neither neurosurgical nor radiologic 
therapy was advised. The patient was followed 
in the Neurosurgical Clinic at regular intervals 
up to the time of this writing. He has remained 
free of clinical symptoms or signs of neurologic 
or endocrinologic disturbances. Roentgeno- 
grams of the skull during 1957, 1958, and 
1959 revealed a striking reossification (Fig. 1B) 
and marked reduction in the size of the pre- 
viously ballooned sella turcica. A photograph 
(Fig. 3) shows the appearance of the patient 
five years after the acute episode. 

During a recent examination (May 5, 1959), 
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Fig. 3. Appearance of patient on March 5, 
1957, five years after the acute episode 


the patient related that he considers himself 
entirely normal and free of previous symptoms. 
Shortly after the discharge in 1952, he began 
to shave daily up to the present time. Sexual 
intercourse is now of normal frequency; 2 
children were born after 1952. His body 
weight, which rose from 185 to 220 lb. six 
months before the illness in 1952, is now again 
at the normal level. The fluid intake returned 
to a normal range, his appetite is good, and 
he sweats normally. He is as active as anv 
other person in his group, and his vision is 
normal subjectively and objectively. The eve 
grounds show optic disks with sharp outline 
and color and normal cup and venous pulsa- 
tions; the eye movements and reactions of 
pupils are within normal range. 


DISCUSSION 


Without pathologic verification, the diag- 
nosis of hemorrhage into a pituitary adenoma 
remains presumptive, although the evidence in 
our case strongly supports such a diagnosis. 
As an explanation for the striking spontaneous 
recovery, destruction of the pituitary adenoma 
is postulated with selective preservation of 
enough normal glandular tissue to maintain 
normal endocrine function. Most authors agree 
that the clinical symptoms are rather uniform, 
consisting of sudden onset of headaches, nau- 
sea, and vomiting, stiff neck, drowsiness, con- 
fusion or coma, diplopia, ophthalmoplegia, 
amblyopia, and, rarely, hemiparesis. 

Aneurysms of the internal carotid artery of 
the circle of Willis may at times simulate a 
hypophyseal tumor with asymmetric or sym- 
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metric enlargement of the sella** as well as 
primary optic atrophy and hemianopsia,® not 
to speak of their propensity to cause subarach- 
noid and intracerebral hemorrhage, which in 
turn may suggest a diagnosis of pituitary apo- 
plexy. Also, signs of pituitary dysfunction have 
been observed with intracranial aneurysm.” 
Finally, the coexistance of pituitary adenoma 
and intracranial aneurysm should be kept in 
mind as a rare possibility.1.1? For all these 
reasons, an arteriogram appears to be the most 
appropriate test to exclude the presence of 
aneurysm or other abnormalities such as angi- 
oma or intracerebral tumor, which may have 
been the cause of a subarachnoid or intrace- 
rebral hemorrhage. On the other hand, the 
arteriogram may demonstrate the presence of 
parasellar tumor with findings occasionally re- 
sembling those of temporal lobe tumor.'* It 
is needless to say that a pneumoencephalogram 
if at all tolerated by the patient, may con- 
tribute to further elucidation of the case. 

Concerning the nature of the underlying 
pathologic process, it is generally accepted 
that, in most cases, the tumor outgrows its 
blood supply, which leads to hemorrhage and/ 
or necrosis. These may occur separately or 
occasionally may coexist in unequal degree.'* 
Ziilch pointed out that regressive processes, 
like hydropic swelling going on to liquefaction 
and cyst formation, are very common in the 
average chromophobe adenoma, while eosino- 
philic adenomas, because of hemorrhage with- 
in the tumor, often present a brownish color. 
Miiller and Pia!® described the extreme thin- 
ness of blood vessels in pituitary adenomas 
as a reason for hemorrhage. Acute hemmor- 
rhage occurs, however, in chromophobe and 
eosinophilic adenoma. Brougham, Heusner, and 
Adams'* concluded from their available ma- 
terial of only 12 cases that, considering the 
greater frequency of chromophobe adenomas 
(80%), hemorrhage occurs relatively more often 
in eosinophilic tumors. They found no reports 
of similar changes in basophilic or verified 
fetal-cell or transitional-cell adenomas. Fur- 
thermore, they stated that there was no defi- 
nite relationship to malignancy of the ade- 
nomas in the observed cases. Miiller and Pia,!® 
after a review of 58 cases, were not convinced 
of a relative higher frequency of hemorrhage 
into eosinophilic tumors. 
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The importance of a careful assessment of 
the endocrine status as an essential base line 
for further diagnosis and therapeutic manage- 
ment as well as in early recognition of pan- 
hypopituitarism in vascular lesions of pituitary 
adenomas has been stressed by several au- 
Although extreme insufficiency 
in chromophobe adenomas is admittedly un- 
common,'* a typical case of Simmonds’ disease 
occurred after sudden hemorrhage had de- 
stroyed most of the chromophobe adenoma 
and the remainder of the anterior lobe.* 

In the production of the fulminant symp- 
toms, aside from the signs caused by compres- 
sion of the optic pathways and the contents 
of the cavernous sinus (the third through sixth 
nerve and cartoid artery), further suprasellar 
extension may embarrass the intradural por- 
tion of the carotid artery and oculomotor nerve 
and, finally, the hypothalamus and other parts 
at the base of the brain.t1416 Blood may 
escape into the subarachnoid space, although 
this is less common as compared to bleeding 
from aneurysms or in intracerebral hemor- 
rhage, or there may be at least an inflammatory 
reaction within the basilar cisterns.4 It is the 
sudden compression of diencephalic structures 
by expanding tumor or hematoma which is 
probably responsible for the paralytic effects 
leading to immediate collapse and death, as 
observed by Dingley,'* who reported the case 
of a man who fell dead after running for a 
moving bus. On the other hand, secondary 
mechanisms, such as blockage of cerebrospinal 
fluid pathways with subsequent hydroceph- 
alus, edema, hemorrhagic infarction, or hema- 
toma of temporal lobe with development of 
an incisural herniation of the hippocampal 
gyrus, may lead to a more protracted onset of 
drowsiness, coma, hyperthermia, and other 
vegetative disturbances. Acute hypopituitarism 
with resultant addisonian crisis attended by 
hypotension and hypoglycemia is another 
cause for the development of drowsiness, con- 
fusion, and coma within a few hours or days 
in some cases.1* Occasionally, development of 
hemiplegia!® or hemiparesis as well as con- 
vulsions'* due to either compression of major 
arteries or intracerebral extension of tumor or 
hemorrhage may render the diagnosis more 
difficult. 

In the majority of cases, hemorrhage oc- 
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curred in several in- 
stances, it was observed during the course of 
radiotherapy!.”.?? and rarely as the result of 
trauma.'-'6.23 Qur patient sustained a mild to 
moderately severe head injury two weeks be- 
fore onset of the acute episode; however, the 
significance of the injury remains doubtful. 

From a review of 75 cases reported in the 
literature,!-* it is obvious that spontaneous re- 
covery to symptom-free status, as in our case 
and those of Cairns® and Jefferson,® is the 
exception rather than the rule. In most patients 
who survive the initial apoplectic insult, the 
prognosis remains grave in respect to survival, 
recurrences, and permanent neurologic impair- 
ment.! If, under general supportive measures, 
endocrinologic replacement therapy, and, per- 
haps, judicious preoperative use of hypother- 
mia, the patient reaches a plateau that allows 
definitive measures, surgical intervention 
should be given serious and early considera- 
tion. Although good results after surgery have 
been sporadically reported in the past,?"** a 
more hopeful attitude as expressed in recent 
years!-4,16,20,25-28 is justified, particularly in the 
light of advances in endocrine therapy, anes- 
thesia, and surgical technic. Miiller and Pia" 
cited 15 instances in which immediate surgical 
intervention prevented a fatal outcome, and 
Shenkin** reported relief of amblyopia in pitu- 
itary apoplexy by prompt surgical intervention. 

Since radiation therapy has been accepted 
as a causative factor in several cases of hemor- 
rhage into a pituitary neoplasm and occasion- 
ally as the apparent reason for exacerbation 
after pituitary apoplexy,‘ continuation or insti- 
tution of radiotherapy is generally not advis- 
able under these circumstances. 

On the other hand, the possibility of rather 
complete, spontaneous, and lasting recovery 
should not be lost sight of. As some authors!+-1¢ 
have pointed out, treatment should remain 
conservative as long as the clinical course 
moves in the direction of recovery. 


SUMMARY AND CONCLUSIONS 


1. Acute hemorrhage into pituitary tumors 
is usually a grave event attended by a high 
rate of mortality and morbidity. Spontaneous. 
recovery has been observed in only a few in- 
stances. 

2. The case of a 30-year-old mechanic who 
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recovered spontaneously from the acute epi- 
sode of bleeding into a presumably chromo- 
phobe pituitary adenoma was described. In 
addition, the patient lost all endocrine symp- 
toms that preceded the apoplectic event. It is 
assumed that the hemorrhage destroyed the 
pituitary adenoma but spared enough gland- 
ular tissue to maintain normal endocrine func- 
tion throughout a seven-year period of obser- 
vation. 

3. The clinical improvement was accom- 
panied by reossification and marked reduction 
in size of the previously greatly enlarged sella 
turcica. Reconstruction of the sella after sur- 
gical and/or radiation therapy has been ob- 
served before, but spontaneous sellar recon- 
struction appears to be a unique observation. 

4. A review of the literature revealed 
cases of hemorrhage into pituitary tumors. Of 
36 patients who presented the syndrome in 
the most acute form, 22 died and recovery re- 
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mained incomplete in 9. The prognosis also 
remains guarded, particularly in respect to re- 
currences and permanent neurologic impair- 
ment, in patients who survive an initially less 
severe or subacute attack. 

5. The diagnosis, etiology, pathophysiologic 
mechanisms, and contributory factors such as 
trauma or radiation therapy were discussed in 
the light of available data. 

6. In view of the grave prognosis, early 
surgical intervention is generally recom- 
mended. Good results after surgery were re- 
ported only rarely in the older literature, but 
more recent surgical experiences offer a far 
better outlook. The institution or continuation 
of radiation therapy is usually inadvisable. On 
the other hand, the possibility of spontaneous 
recovery, as in the case reported, may justify 
adoption of a conservative regimen if war- 
ranted by a favorable course in the direction 
of recovery. 
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CONSIDERABLE uncertainty exisits in the litera- 
ture over the termination of vestibulospinal 
fibers.‘-!° It is well known that two distinct 
vestibulospinal systems exist: [1] the medial 
vestibulospinal tract, which is a component of 
the descending medial longitudinal fasciculus, 
and [2] the lateral vestibulospinal tract, oc- 
cupying the ventrolateral portion of the med- 
ullary reticular Lateral vestib- 
ulospinal fibers arise largely from the lateral 
vestibular nucleus and course caudad, main- 
taining an uncrossed ventrolateral position 
through the medulla oblongata and finally 
entering the sulcomarginal bundle of the cervi- 
cal spinal cord along with medial vestibulo- 
spinal fibers from the medial longitudinal 

The extent and termination of the foregoing 
descending vestibular systems in the spinal 
cord remains uncertain since most of the previ- 
ous studies of the vestibulospinal system were 
accomplished through the use of the Marchi 
method.'*+-!6 Because of the difficulties en- 
countered in tracing fine or lightly medullated 
fibers to their termination by this method," it 
was decided that a bioelectric investigation of 
the vestibulospinal systems might be more 
advantageous. Since most of the uncertainty 
is concerned with the manner in which the 
vestibulospinal component of the medial longi- 
tudinal fasciculus terminates in the spinal 
cord, special attention was given to this prob- 
lem. 


MATERIALS AND METHODS 


These experiments were performed on 16 
cats of both sexes anesthetized with Nembutal. 
They were brought to a light anesthetic level 
that preserved their reflexes but prevented 
voluntary movements. 


T, 
Fig. 1. Composite diagrams of typical sec- 
tions of the 4 regions of the spinal cord, 
showing the characteristic map obtained 
during multpile insertions and withdrawals 
of recording electrode. Areas yielding char- 
acteristic 2-peak or single peak potentials 
are indicated with (+). All other areas re- 
corded from are indicated with (—). 


The occipital plate of the skull was re- 
moved, exposing the cerebellum. By means of 
a suction apparatus, the posterior half of the 
cerebellum was removed, including most of 
the nodule and part of the uvula. This proce- 
dure exposed the floor of the fourth ventricle. 
By visualization of certain landmarks on the 
floor of the fourth ventricle, bipolar concen- 
tric silver electrodes measuring 0.3 mm. in 
diameter were placed unilaterally in the re- 
gions occupied by the medial and spinal ves- 
tibular nuclei. Insertion of the electrodes was 
accomplished by means of a Baltimore or 
Labtronic stereotaxic instrument. 

Similar bipolar, silver-coated, concentric 
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stimulating electrodes were placed visually in 
various positions along the ipsilateral or con- 
tralateral bundles of the descending medial 
longitudinal fasciculus. Likewise, recording 
electrodes were placed either ipsilaterally or 
contralaterally, according to a preestablished 
insertion pattern (Fig. 1), in various segments 
throughout the spinal cord. This was accom- 
plished by exposing 1 to 2 cm. of the cord 
through removal of the spinous processes, 
then excising the epidural fat and incising the 
dura mater. Specially designed spinous pro- 
cess clamps adapted to the Labtronic stereo- 
taxic instrument were used to hold the verte- 
bral column rigid adjacent to the exposed parts 
of the cord while recordings were made from 
the various segments. 


Key 
AH = Anterior gray horn 
CH = Cochlear nucleus 
ECN = Accessory cuneate nucleus 
F = Genu of the facial nerve 
HN = Nucleus of the hypoglossal nerve 
== Inferior olivary nuclei 
LF = Lateral funiculus 
LVN = Lateral vestibular nucleus 
MLF = Medial longitudinal fasciculus 
MVN = Medial vestibular nucleus 
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The vestibular nuclei complex or the medial 
longitudinal fasciculus was stimulated with 
single threshold (0.3 to 4 volts) rectangular 
pulses generated by a Grass Model S4B stimu- 
lator. These pulses were synchronized with 
the sweep on a Dumont Type 322A oscillo- 
scope after the usual preamplification through 
a Grass Model P5R preamplifier. Photographs 
of the oscillographic sweeps were made with 
the Grass Model C4D kymograph camera. 
In all experiments, voltages and currents de- 
livered to the animals were monitored on a 
specially designed secondary oscillographic 
system. 

On termination of each experiment, the cats 
were perfused with saline and 10% formalin. 
The brain and spinal cord segments were 


NC = Cuneate nucleus 

R = Recording electrode site 
RB = Restiform body 

RD = Radix of vestibular nerve 
RF = Reticular formation 

Ss = Stimulating electrode site 
SMB = Sulcomarginal bundle 
SVN = Spinal vestibular nucleus 
VF = Ventral funiculus 

5N = Nucleus and tract of the trigeminal nerve 
7N = Nucleus of the facial nerve 


Fig. 2. Tracings of magnified sections of typical stimulating and recording sites in various experi- 
mental animals. [A] Most rostral point of stimulation at the level of the cochlear nuclei and genu 
of facial nerve. [B] Stimulating and recording sites just rostral to the calamus scriptorius in cau- 
dal medulla. [C] Stimulating and recording sites at a level of approximately midmedulla. [D] 


Typical. series of insertions of recordin 


electrode at the upper lumbar level of the spinal cord. 


[E] Typical series of insertions of recording electrodes at the midthoracic level of the spinal cord. 
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stored in formalin and, after a few days, were 
sectioned on the freezing microtome and 
stained with Sudan black B. 


RESULTS 


Characteristics of vestibular responses in 
medullary medial longitudinal fasciculus. The 
stimulating electrodes were placed in the me- 
dial or spinal vestibular nucleus at a level just 
rostral to the facial colliculus (Fig. 2). From 
the recording electrode, which was placed in 
the ipsilateral medial longitudinal fasciculus 
opposite the medial or spinal vestibular nucle- 
us, single negative peak responses were elicited 
at a threshold of 0.3 to 0.5 volts (monitored). 
This response had a latency of about 2 msec. 
and was characterized by a relatively high am- 
plitude, slow wave, negative type of response 
(Fig. 3). This same type of response was also 
found when the rostral medial longitudinal 
fasciculus was stimulated at the level of the 
facial colliculus and recordings were made in 
the ipsilateral medial longitudinal fasciculus 
just rostral to the calamus scriptorius. Oc- 
casionally, this slow wave response was seen 
arising on the descending limb of the stimulus 
artifact. When this occurred, the potential 
appeared to spread, taking 4 to 5 msec. to 
reach base line. Normally, the negative evoked 
potential was slow in character with a some- 
what rounded peak and took 2 to 3 msec. to 
reach base line. In recordings from the con- 
tralateral medial longitudinal fasciculus at the 
same position mentioned above, the single 
negative peak response was depressed, al- 
though its characteristics remained the same 
(Fig. 3B). 

In order to determine whether this distinc- 
tive potential was typical of the medial longi- 
tudinal fasciculus, the stimulating electrode 
was inserted in areas lateral to, medial to, 
and/or ventral to the medial and spinal vestib- 
ular nuclei or the medial longitudinal fascicu- 
lus. However, no characteristic potentials at 
the above voltage-duration settings could be 
elicited. Further, when the medial longitudi- 
nal fasciculus was sectioned at a site equidis- 
tant between the stimulating and recording 
sites, the evoked potentials disappeared (Fig. 
90). 

Typical vestibulospinal responses in sulco- 
marginal bundle of ventral funiculus. Vestib- 


Fig. 3. Typical evoked negative potentials 
observed by stimulating in either the medial 
or spinal vestibular nucleus or the rostral 
medullary medial longitudinal fasciculus and 
recording in the caudal medullary medial 
longitudinal fasciculus [A] Potential record- 
ed from the ipsilateral medial longitudinal 
fasciculus. [B] Potential recorded from the 
contralateral medial longitudinal fasciculus. 
[C] Loss of potential after section of the 
medial longitudinal fasciculus between the 
recording and stimulating sites. Time line 
in milliseconds 


ulospinal evoked responses are characterized 
by a negative two-peak potential only on the 
ipsilateral side of the spinal cord (Fig. 4, Nos. 
1-4). A single peak potential was always 
elicited on the contralateral side of the spinal 
cord (Fig. 5). These findings hold true for all 
spinal cord segments, cervical through sacral. 

Starting just adjacent to the midline of the 
spinal cord, the recording electrodes were in- 
serted ipsilaterally to within 0.5 mm. of the 
ventral limit of the anterior funiculus. This 
placed the first recording point in the ventral 
limit of the sulcomarginal bundle (Fig. 4, No. 
1). After recording of the response at this 
point, the electrode was withdrawn and re- 
cordings were made at 0.5 mm. intervals until 
free of the cord (Fig. 4, Nos. 2-9). In this 
manner, multiple insertions of the recording 
electrodes were made, each insertion being 
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Fig. 4. Typical negative evoked potentials 
recorded in the ipsilateral sulcomarginal 
bundle in all segments of the spinal cord. 
Recording from within 0.5 mm. of the ven- 
tral limit of the sulcomarginal bundle [No. 
1]. Numbers 2 through 9 illustrate poten- 
tials recorded during multiple withdrawals 
of the recording electrode at 0.5-mm. inter- 
vals until free of the cord. 


about 1 mm. lateral to the previous insertion. 
Thus, one was able to map each segment of 
the cord (Fig. 1). 

A negative double peak potential was 
evoked on the ipsilateral side of the cord. 
This response showed a latency of 1.5 msec. 
to the first negative peak, and 2 msec. to the 
second peak (Fig. 4). These typical responses 
were found at the second cervical segment of 
the spinal cord and maintained their character- 
istics throughout all segments of the spinal 
cord. A negative single peak response found 


NEUROLOGY 


on the contralateral side of the cord had ap- 
proximately the same latency as the first peak 
of the double peak potential (Fig. 5). This 
typical potential was peculiar to all segments 
of the spinal cord and did not obviously 
change in latency, amplitude, or duration. 
The double peak response gradually dis- 
appeared upon withdrawal at 0.5-mm. record- 
ing intervals as the electrode was elevated up- 
ward through the sulcomarginal bundle (Fig. 
4). Likewise, the single negative peaks dis- 
appeared when the recording electrode was 
withdrawn from the sulcomarginal bundle of 
the contralateral side (Fig. 5). This yielded a 
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Fig. 5. Typical negative evoked potentials 
recorded in the contralateral sulcomarginal 
bundle in all segments of the spinal cord. 
Recording from within 0.5 mm. of the ven- 
tral limit of the sulcomarginal bundle [No. 
1]. Numbers 2 through 9 illustrate potentials 
recorded during multiple insertions and 
withdrawals of recording electrode. Each 
potential [Nos. 1-8] taken at 0.5-mm. inter- 
vals during withdrawal 
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4 
Fig. 6. Typical double peak negative respon- 


ses seen routinely in the medial half of the 
anterior gray horn of all segments of the 
spinal cord. Number 1 is typical of the po- 
tential recorded near the ventral margin of 
the anterior gray horn. Numbers 2 through 
8 are typical recordings observed in the 
medial half of the horn during withdrawal 
of the recording electrode at 0.5-mm. inter- 
vals. 


fairly accurate map of the active areas in the 
sulcomarginal bundle of the spinal cord (Fig. 
1). Hemisection or total transection of the 
spinal cord rostral to the recording points al- 
ways abolished both the responses. 
Characteristics of vestibular responses in 
ventral gray horn of spinal cord. The negative 
2-peak response noted in the sulcomarginal 
bundle of the spinal cord also was character- 
istic, in an altered form, of the ipsilateral an- 
terior gray horn of the spinal cord. The 


latency increased from that observed in the 
sulcomarginal bundle, from 1.5 msec., typical 
of the first peak, to 3 msec. Further, the 
latency to the second peak increased from 2 
to 5 msec., while the amplitude remained rela- 
tively unchanged (Fig. 6). 

The negative 2-peak potential again was 
peculiar only to the ipsilateral anterior gray 
horn (Fig. 7). In the contralateral gray horn, 
a single negative peak response was elicited. 
This peak also had a longer latency than that 
observed in the ipsilateral sulcomarginal bun- 
dle. Its latency increased from 1.5 to 3 msec., 
corresponding to the first peak in the 2-peak 
response. 

These distinctive patterns of response were 
fraught with after potentials and spontaneous 


Fig. 7. Typical anterior horn responses re- 
corded during withdrawal of recording elec- 
trode on the contralateral side in all seg- 
ments of the spinal cord 
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firings characteristic of nuclear or cellular 
areas. Sometimes it was hard to determine the 
evoked potentials. 

Multiple insertions and withdrawals of elec- 
trodes at 0.5-mm. intervals showed that these 
characteristic potentials were concentrated in 
the medial half of the anterior gray horn at 
all levels of the spinal cord. The lateral fu- 
niculi of both sides of the cord were complete- 
lv negative (Fig. 1). 


DISCUSSION 


It has been stated in the results that a 
single, relatively slow, high amplitude re- 
sponse was recorded from points along the 
descending medial longitudinal fasciculus in 
the medulla oblongata during stimulation of 
either the medial or spinal vestibular nuclei. 
However, in recordings from the ipsilateral 
sulcomarginal bundle of any of the spinal 
cord segments, a two-peak response was found. 
A single peak response was noted on the 
contralateral side. These findings indicate that 
several factors influence the transmission of 
an impulse from the vestibular nuclei to the 
spinal cord. These are [1] an efferent or multi- 
synaptic route via medullary reticular forma- 
tion to the spinal cord, [2] an ascending affer- 
ent and a descending efferent system having 
different latencies activated through stimuli 
applied to the vestibular nuclei, and [3] a 
complex synaptic system within the vestibular 
nuclei connecting these nuclei via vestibulo- 
spinal systems with the spinal cord. 

The first possibility mentioned above is 
borne out by the evidence accumulated in 
these experiments and the findings of other 
The present findings cor- 
respond remarkably well with those recorded 
by Gernandt, Katsuki, and Livingston.'* These 
authors found that single vestibular nerve 
shocks elicit a two-peak, motor neuron re- 
sponse that appears along both sides of the 
spinal cord. They postulate that impulses lead- 
ing to the first peak undoubtedly descend in 
the vestibulospinal tract and probably connect 
monosynaptically with ventral horn cells. The 
second peak reaches the spinal cord via a re- 
ticulospinal system. 

The results reported in this paper agree, in 
part, with the above statement. The exceptions 


lie in the two-peak response appearing along 
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both sides of the spinal cord. Our findings in- 
dicate that the two-peak response is found 
only on the ipsilateral side. It is probable, 
however, that, if the vestibular nerve is stimu- 
lated, connections on both sides of the cord 
are activated by direct connections that may 
exist between the vestibular nerve ganglia and 
the medullary reticular formation. Such con- 
nections could activate a reticulospinal system 
not activated by stimulation of the medial or 
spinal vestibular nuclei and could account for 
the bilateral two-peak response. 

Gernandt, Katsuki, and Livingston!’ also 
state that the second peak recorded in their 
observed response was carried to the spinal 
cord via a reticulospinal pathway. This con- 
cept is further supported by the work of Bach 
and Magoun,?° in which they show that de- 
struction of the vestibular nuclei after ablation 
of the pericruciate cortex reduces extensor 
rigidity. These two important reports certainly 
indicate a synergy existing between the reticu- 
lospinal system and the primary vestibulo- 
spinal system. 

Our results show that the two-peak response 
associated with the vestibulospinal system may 
be accounted for, in part at least, by the 
two anatomically distinct vestibulospinal sys- 
tems. It is well known that the vestibulo- 
spinal pathway is made up of two distinct 
systems.*--.12,18 Tt is possible, therefore, that 
the stimulus carried along the medial vestibu- 
lospinal tract accounts for one peak and the 
stimulus carried along the lateral vestibulo- 
spinal tract accounts for the other peak. It 
has not been established that the medial and 
spinal vestibular nuclei contribute fibers only 
to the medial longitudinal fasciculus.*-.12.15,21 
However, it has been established that the 
lateral vestibular nucleus contributes fibers 
only to the lateral vestibulospinal tract.!*-13.2! 
Because of the overwhelming evidence indi- 
cating the complete separation of the actual 
tract systems associated with the vestibulo- 
spinal mechanism, the only possible associa- 
tion between the medial and lateral vestibulo- 
spinal tract systems could exist only in the 
vestibular nuclei complex.!—"* On the basis of 
the above evidence, the first peak of our 
double peak response can be attributed to a 
potential carried by the medial vestibulospinal 
tract and can be traced directly to the single 
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peak response observed in recordings from the 
medial longitudinal fasciculus. Further support 
for this observation is lent by the fact that the 
first peak of the two-peak response corre- 
sponds in amplitude and latency to the first 
peak reported by Gernandt, Katsuki, and 
Livingston.'* This, then, must be the mono- 
synaptic vestibulospinal route mentioned by 
those authors. 

It is somewhat more difficult to account for 
the second peak of the double peak response. 
Using the concepts reported by Lorente de 
No,'® the second peak can be accounted for 
by a synaptic delay. Since the two descend- 
ing vestibular fiber systems are distinct, this 
synaptic delay could occur at either the level 
of the vestibular nuclei or the level of the 
anterior motor horn cell of the spinal cord. It 
is probable that the delay observed to the 
second peak of a double peak response is due 
to a bisynaptic or multisynaptic junction exist- 
ing either between the medial and/or spinal 
vestibular nuclei and the lateral vestibular 
nucleus or at the level of the anterior horn 
cells. 

The fact that this two-peak response ap- 
peared on the ipsilateral side of the cord could 
be ascribed to fibers arising from the medial- 
spinal vestibular nuclei complex and the later- 
al vestibular nucleus. Near the extreme caudal 
medulle oblongata, these fibers intermingle 
and enter the sulcomarginal bundle in the 
cervical spinal cord. As reported previously 
by Massopust,?? the fibers are then distributed 
to cells of the medial half of the anterior gray 
horn in all segments of the spinal cord. At- 
tempts to examine the source of delay between 
the two peaks of the double response were 
unsuccessful because stimulation of medullary 
areas occupied by the lateral vestibulospinal 
tract also activated other reticulospinal path- 
ways, which confused the picture. 

Szentogothai-Schimert!® and Pompeiano and 
Brodal!*.15 have demonstrated preponder- 
ance of large-caliber fibers existing in the 
medial longitudinal fasciculus, while the lateral 
vestibulospinal tract contains medium-diameter 
fibers. From the above caliber determinations, 
one might speculate on the differences in la- 
tency of the two peaks. This latency difference 
could be due to the variation in conduction 
velocity of the large and small diameter fibers; 
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however, it is uncertain which fiber system 
contributes to such a difference in velocity. 
Evidently, no cross connections exist between 
the medial and spinal vestibular nuclei of 
opposite sides, as evidenced by the single peak 
potential appearing on the contralateral side 
of the cord. 

The second possible connection of the ves- 
tibular nuclei with the spinal cord is the pos- 
sible existence of an uncrossed afferent system 
linking the spinal cord with the vestibular 
nuclei. Stimulation of the medial and spinal 
vestibular nuclei could activate both the above 
systems, causing the two-peak response. Evi- 
dence obtained by Lloyd** and Pompeiano 
and Brodal'?.1% indicates that the existence of 
an afferent system directly connecting the 
spinal cord with the medial and spinal vestibu- 
lar nuclei is unlikely; therefore, we did not 
further examine this possibility. 

As far as the third possibility is concerned, 
the findings of Lorente de No,'® French, Ver- 
zeano, and Magoun,** and Gernandt, Katsuki, 
and Livingston'® largely eliminate the pos- 
sibility that a complex circuit exists within the 
vestibular nuclei themselves. 

On the basis of the findings in these experi- 
ments and the previous evidence in the litera- 
ture, it is postulated that the ipsilateral two- 
peak response found on stimulation of the 
medial and spinal vestibular nuclei was due to 
monosynaptic potentials being carried by the 
medial vestibulospinal tract and some other 
descending system. The first peak of the two- 
peak response was carried monosynaptically to 
the anterior horn cells of the spinal cord via 
the descending medial longitudinal fasciculus 
and sulcomarginal bundle. The second peak 
was transmitted multisynaptically to the same 
areas of the spinal cord by the lateral vestibu- 
lospinal tract. The delay observed between 
the first and second peak was probably due 
to a synaptic junction possibly existing be- 
tween the medial-spinal vestibular nuclei and 
the lateral vestibular nucleus, a reticular nu- 
cleus, or the cells of the anterior horns of the 
spinal cord. The descending tract, whatever 
it may be, is uncrossed, since only the first 
peak was observed on the contralateral side of 
the cord. 

Further studies are planned in an attempt 
to establish the tract system responsible for 
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contributing one or the other peak in the 
two-peak response. 


SUMMARY 


Bipolar stimulation of the medial and spinal 
vestibular nuclei evoked a single negative, 
relatively slow, peak response that was dis- 
tinctive in both the ipsilateral and contralater- 
al bundles of the descending medial longitudi- 
nal fasciculus. 

In the spinal cord, a two-peak response was 
elicited during stimulation of the above nuclei 
on the ipsilateral side of all segments of the 
spinal cord. A single peak potential was pe- 
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the contralateral side. These re- 
sponses were found only in the sulcomarginal 
bundle and the medial half of the anterior 
gray horn in all segments of the spinal cord. 
Section of either the medial longitudinal 
fasciculus or spinal cord above the recording 
electrode sites abolished both types of re- 
sponses. 
The anatomicophysiologic implications of the 
above findings are discussed. 
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Progressive ataxia in childhood 
with particular reference to 
ataxia-telangiectasia 


Robert P. Sedgwick, M.D., and Elena Boder, M.D. 


IN THE DIFFERENTIAL diagnosis of ataxia in 
children, one must decide, from history and 
observation, whether the ataxia is acute and 
transitory, relatively fixed, or progressive in 
severity. The acute transitory group is usually 
of toxic or infectious origin. If no etiology 
can be found, the condition may be diagnosed 
“acute cerebellar syndrome of childhood.”!? 
If the ataxia is relatively fixed, various pre- 
natal, natal, or postnatal conditions, such as 
anoxia, trauma, vascular accident, or infec- 
tion, must be considered and diagnoses such 
as “cerebellar hypoplasia” or “ataxic cerebral 
palsy” may be made. 

If the ataxia is progressive, the first consid- 
eration must be posterior fossa neoplasm. Also, 
structural abnormalities in the posterior fossa, 
foramen magnum, and cervical spine with con- 
comitant neural defects may result in progres- 
sive ataxia.? If these conditions are ruled out, 
the progressive ataxia is probably due to meta- 
bolic-degenerative disease. 

Ataxia and pathologic changes in the cere- 
bellum have been noted in a wide variety of 
diffuse central nervous system disorders of 
progressive type.*> Such disease may involve 
primarily either gray or white matter. Exam- 
ples of such disorders would include tuberous 
sclerosis® and the cerebral scleroses such as 
Schilder’s disease and Pelizaeus-Merzbacher 
disease. The cerebral lipoidoses, including the 
familial amaurotic idiocy group and Alper’s 
degeneration of the cerebral gray matter, could 
also be included here.7:* It is rare, however, 
that ataxia remains as a primary and isolated 
symptom in these diseases, and widespread 
neurologic deficit soon makes itself apparent. 

Further considerations include the system 
degenerations involving the cerebellum and 
its afferent and efferent tracts. These disorders 
are often heredofamilial. The classic example 


of such a disorder in children is, of course, 
Friedreich's ataxia.® There are numerous vari- 
ants and formes frustes of this disease, but it 
is in general a well delineated clinical entity 
and easily recognized by its classic features: 
hereditary transmission, onset between 6 and 
18 years, ataxia of trunk and intention, ky- 
phoscoliosis and typical foot deformity, pos- 
terolateral column signs, diminished or absent 
tendon reflexes, hypotonia, occasional optic 
atrophy and heart disease, and definite, al- 
though usually slow, progression.*-!* 

If the child does not fit into the Friedreich 
group, there may be difficulty in making a 
diagnosis other than the unsatisfactory one of 
“progressive ataxia of childhood.” It is best, 
then, to describe the patient as exhaustively 
as possible according to some precise scheme 
such as that presented by Lichtenstein.'* Bat- 
ten't in 1905 stressed the difficulty of diag- 
nosis in cases “in which a child has been 
healthy until a certain age, and then has grad- 
ually developed ataxia; cases in some points 
resembling Friedreich’s disease, but differing 
from the classical picture of that disease.” The 
present study was undertaken to ascertain 
what clinical entities other than Friedreich's 
ataxia characteristically give rise to chronic 
progressive ataxia in childhood. 


ATAXIA-TELANGIECTASIA 


The authors’ interest in this problem was 
aroused by the study of 8 children from 5 
nonrelated families with chronic, primary, and 
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TABLE 1 
SUMMARY OF KNOWN CASES OF ATAXIA-TELANGIECTASIA 
Cases Age® Necropsy 
Authors Year (No.) (Years) (No.) 
A. Published Cases 
Louis-Bar™ 1941 1 9 
Boder and Sedgwick”’” 1957 8t 6-25 1 
Wells and Shy” 1957 2 9, 10 
Biemond™*" 1957 4 9-17 2 
Centerwall and Miller” 1958 2 8-12 1 
B. Unpublished Cases 

Buchanan™ 1956 3 10-14 
Ford* 1957 1 6 
Perlstein” 1957-59 2 6, 12 
Centerwall”™ 1958 1 23 1 
Phelps” 1958 1 10 
Pickup* 1958 2 9, 14 
Smith and Cogan” 1958 1 18 
Boder and Sedgwick” 1959 3 3-10 1 
Hughes® 1959 1 4 


oo 


*Age at diagnosis or at death 
FOne patient is reported with necropsy by Centerwall and Miller.” 


Boder and Sedgwick’s series !5. 


A B C D E F* G* 
Centerwall BB Affected males 
Louis-Bar'* Wells-Shy'S Miller!’ @ Affected females 


H Siblings unknown 


| J 
© Spina bifida 
© Undiagnosed neurologic disorder 
*New cases, not previously published! 


Birth order in family from left to right 


Fig. 1. Familial occurrence of ataxia-telangiectasia in published cases 
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Fig. 2. Characteristic telangiectases of the 
bulbar conjunctivae in a child aged 9 years 


progressive ataxia who seemed to have such 
similarity of symptoms, findings, and course 
as to justify their inclusion into a syndrome 
entity easily differentiated from Friedreich's 
ataxia. In reporting this work, the authors 
have named the syndrome “ataxia-telangiec- 


Fig. 3. Child aged 7 years with characteris- 
tic telangiectasia of the bulbar conjunctivae 


tasia” (A-T) from the 2 main features of the and butterfly area of the face, especially the 

. : idge o » nose. Note fading out z > 
syndrome: progressive ataxia and oculocuta- bridge of the nose. Note fading out at the 
4 cornea and symmetric distribution. (Cour- 
neous In addition tothe au- 


tesy of the University of Southern California 
thors’ cases, 4 others have been published'*—"" Medical Bulletin” ) 


and 4 more were reported at the First Inter- 
national Congress of the Neurological Sciences 
at Brussels in July 1957.2°2! From personal 
communications**-*" and other cases seen but 
as yet unpublished,*® the authors have become 
aware of 15 more such patients, making a 
total of 31 known cases with this syndrome 
(Table 1). 

Ataxia-telangiectasia is a familial syndrome; 
the mode of inheritance is apparently men- 
delian-recessive, since there are as yet no 
known instances of an affected child having 
a similarly affected parent (Fig. 1). Ataxia 
is the first symptom and has its onset in in- 
fancy, becoming manifest at the time the child 
starts to walk. The ataxia is of cerebellar type 
and affects station, gait, and intention. There 
are no Clinical or pathologic findings definitely 
implicating the posterior columns, thus sepa- 
rating these patients from those with spinal 
ataxia. The ataxia is steadily progressive, so 
that most of the patients are confined to wheel 
chairs before adolescence. The telangiectasia 
has later onset and usually appears from age 
4 to 6 years '-'T (Figs. 2, 3, and 4). It 


Fig. 4. Faint hairline telangiectases on the 
external ear in a child aged 10 years 
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TABLE 2 
CLINICAL FEATURES IN 31 CASES OF ATAXIA-TELANGIECTASIA 
Cases with Cases Cases 
information with with 
available feature feature 
Feature (No.) (No.) (%) 
Neurologic features 
Cerebellar ataxia, onset in infancy or childhood 31 31 100 
Diminished or absent deep reflexes 17 14 82 
Flexor or equivocal plantar response 17 17 100 
Negative Romberg’s sign 13 11 85 
Intact deep and superficial sensation 16 16 100 
Choreoathetosis 20 15 to 
Oculomotor signs 
Peculiarity of eve movements 15 12 80 
Fixation nystagmus 17 14 82 
Dysarthric speech 23 23 100 
Drooling 14 13 93 
Characteristic facies and postural attitudes 17 17 100 
Telangiectasia, oculocutaneous 30 30 100 
Frequent sinopulmonary infection 21 17 81 
Familial occurrence 30 18 60 
Equable disposition 12 12 100 
Mental deficiency 21 6 29 
Retardation of statural growth 18 12 67 
Changes of hair and skin 


spreads in characteristic fashion. The exposed 
bulbar conjunctivae are first affected, causing 
what is usually considered to be conjunctivitis 
or pink eye. The telangiectasia then spreads 
to involve the butterfly area of the face, ex- 
ternal ears, palate, creases and V of the neck, 
and, finally, the antecubital and popliteal fos- 
sae and dorsum of the hands and feet.15-17,19,20 
This telangiectasia is primarily arterial.*1.2 

A third prominent feature of the syndrome 
is frequent otic and sinopulmonary infections 
that may progress to chronic bronchitis and 
bronchiectasis.15-!7.2° The reason for this is not 
clear, since in the limited autopsy material 
available no gross vascular or parenchymal 
anomaly in the lungs has been found.!5-17.20 

A fourth feature is a peculiarity of eye move- 
ments difficult to classify. Eye movements may 
be initiated with difficulty, are often jerky 
during their excursion, and may halt before 
movement is completed. On fixation, the eyes 
may show fixation nystagmus. The lids may 
blink spasmodically during movement of the 
eyes.'°.'6 According to Cogan,** this resem- 


13 11 85 


bles the Roth-Bielschowsky phenomenon in 
that the difficulties are observed only on vol- 
untary and not on reflex gaze. 

Other but less striking elements of ataxia- 
telangiectasia are characteristic facies, equable 
disposition, cerebellar speech, drooling, vari- 
able choreoathetoid movements and posturing, 
occasional myoclonic jerks, absence of mental 
deterioration as a characteristic symptom, and 
retardation of statural growth'*-°° (Table 2). 

Skull roentgenograms, spinal fluid study, 
blood count, urinalysis, and electroencephalo- 
grams have not revealed any consistent devia- 
tion from normal;'®-17-19 3 out of 4 pneumo- 
encephalograms have shown cerebellar atro- 
phy.'-'7 Serum and urine studies of iron, cop- 
per, and lead have not revealed any abnor- 
mality.15.161% Electrophoretic studies of se- 
rum in 2 patients have demonstrated that con- 
centrations of gamma globulin are normal;'*:'® 
4 necropsy reports have been published,!*-'7.*° 
and all provide microscopic evidence of appar- 
ently primary, chronic, diffuse cortical cere- 
bellar degeneration, chiefly affecting the Pur- 


¢ 
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ete 
» 
Fig. 5. Section through cerebellar folia. 


(Top) Note paucity of Purkinje cells and 
thinning of the granular layer. Nissl body 
stain. < 55. (Bottom) Chronic nerve cell 
change in the Purkinje cells. Nissl body 
stain. 250. (L.Z., Case 


kinje cells but also the granule cells and the 
basket cells (Figs. 5 and 6). The white matter 
of the cerebellum is relatively spared (Fig. 7). 
Secondary and minor changes may also be 
noted in the neuronal elements of the dentate 
and olivary nuclei. The remainder of the brain 
stem, basal ganglia, cerebral cortex, and white 
matter are relatively uninvolved. The question 
of vascular pathology in the central nervous 
system is not settled. In 2 cases, microscopic 
examination of the venules of the meninges 
and cerebellar white matter showed them to be 


enlarged and perhaps more numerous than 
normal.'®-!7 Myelin sheath sections of the 
spinal cord do not show significant demyelin- 
ization (Fig. 8).15.16 

The course of ataxia-telangiectasia is one of 
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Fig. 6. Section showing degeneration of bas- 
kets. Cajal’s reduced silver. x 250 


Fig. 7. Section through the white matter of 
the cerebellum showing relative preservation 
of the myelin sheaths. Myelin stain. x 30 


slow but relentless progression. The longest 
known survival has been to the age of 25 
years.'5-16 Treatment consists of physical ther- 
apy, rehabilitative procedures, and appropriate 
antibiotic medication for pulmonary infections. 
Recognition of the syndrome will eliminate 
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Fig. 8. Section through the spinal cord 
showing relative preservation of gray and 
white matter. Myelin sheath stain. x 6 


unrewarding diagnostic procedures such as air 
study and posterior fossa exploration. 

To study the problem of progressive ataxia 
in children still further, the pertixent literature 
and clinical records of ataxic children at Los 
Angeles Children’s Hospital were reviewed. 


REVIEW OF CASES 


The authors have examined the charts of 
all patients admitted to Los Angeles Children’s 
Hospital since 1950 who fell into one of the 
following groups: [1] those with chronic nerv- 
ous system disease (excluding tumors); [2] 
those given a symptom diagnosis of “ataxia;” 
[3] those with a diagnosis of “benign” or “in- 
fectious” ataxia of childhood; and [4] those 
with a diagnosis of “ataxic cerebral palsy.” 
Since 1950, 222 patients had significant ataxia 
due to nonneoplastic disease (Table 3). 

The diagnoses listed in Table 3 are derived 
from review of the hospital charts rather than 
solely from the discharge diagnoses. Diag- 
noses were assigned on a lenient basis of suf- 
ficiently reasonable rather than according to 
strict diagnostic criteria, since, if the latter 
method had been used, a high proportion of 
the patients would have remained, of course, 
without diagnoses. None of the totals in Table 
3 have any significance as far as absolute inci- 
dence is concerned. Los Angeles Children’s 
Hospital serves primarily the acutely ill and 
also has served as a diagnostic center for the 
State cerebral palsy program. The population 
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studied is therefore a selected one. It also 
should be noted that, since this is a study of 
chronic progressive ataxia, the number of cases 
in groups 1 and 2 have no relevance here ex- 
cept to show the source and number in the 
total sample and to give some idea of the rela- 
tive incidence of these groups at Los Angeles 
Children’s Hospital over the period of study. 

The “undiagnosed” patients were not ob- 
served for a sufficient length of time or did 
not have sufficient specificity of history or find- 
ings to reasonably assign them to any diagnos- 
tic category. In none of the patients labeled 
“probable progressive neuronal disease” was 
the ataxia an isolated and primary symptom 
for very long; dementia, spasticity, blindness, 
and seizures as well as prominent extrapyrami- 
dal symptomatology soon differentiated them 
from those with system degeneration. Illus- 
trative of this is a child of 3 years observed 
for about two years. His first symptom was 
ataxia, but soon he displayed a severe convul- 
sive disorder with both major seizures and myo- 
clonic jerks, mental deterioration, bulbar signs, 
and flaccid quadriplegia; these were followed 
by stupor, coma, and death. The child exhib- 
ited prominent pyramidal signs as well as 
ataxia and optic atrophy. Skull films and 
cerebrospinal fluid were normal, but the elec- 
troencephalogram showed a severe and diffuse 
slow wave abnormality. At autopsy, there was 
diffuse softening of the entire cerebral cortex 
as well as a somewhat shrunken cerebellum. 
The microscopic findings are not yet available. 
The gross pathologic diagnosis was laminar 
cortical necrosis. 

Table 4 compares the clinical features of 
the 15 cases of Friedreich’s ataxia with the 7 


TABLE 3 
CLASSIFICATION OF 222 PATIENTS 
WITH SIGNIFICANT ATAXIA 
Los Angeles Children’s Hospital, 1950-1958 


| 


. “Ataxic cerebral palsy” 


2. Acute cerebellar syndrome with recovery 
(toxic, infectious ) 46 


. Chronic progressive ataxia 29 
a. Friedreich’s ataxia 15 
b. Ataxia-telangiectasia 7 
c. Probable progressive neuronal disease 
(2 with myoclonic seizures ) 
d. Basilar arachnoiditis with hydrocephalus 
e. Undiagnosed 


i? 
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TABLE 4 
COMPARISON OF 15 CASES 
OF FRIEDREICH’S ATAXIA WITH 7 CASES OF 
ATAXIA-TELANGIECTASIA 


Friedreich’s 


A-T 

Feature ataxia (15) (7) 

1. Evidence of hereditary transmission 10 6 
2. Onset prior to age 4 years = 7 
3. Signs of posterior column deficit 9 0 
4. Signs of pyramidal deficit 8 0 
5. Choreoathetosis 0 5 
7 


6. Diminution or absence of deep reflexes 14 
7. Kyphoscoliosis and/or 

typical foot deformity 9 
8. Cutaneous stigmata 0 
9. Frequent sinopulmonary infections 0 
10. Optic atrophy 0 
11. Evidence of heart disease 2 
12. Telangiectasia, oculocutaneous 0 


*In 5 cases onset was dated only to “childhood.” 


cases of ataxia-telangiectasia found in this 


study. 
REVIEW OF LITERATURE 


The extensive literature concerning heredo- 
ataxia is difficult to evaluate for several rea- 
sons:!*-34 [1] extensive use of eponyms after 
afflicted families and reporting investigators; 
[2] the profusion of reports of “intermediate 
forms” describing syndrome variants or asso- 
ciation of 2 syndromes (the papers of Roth*® 
and Schut and Haymaker*® analyze this prob- 
lem and show how genetic factors cut across 
clinical lines); and [3] the necessity still of 
classifying along lines of clinical and patho- 
logic interpretation and description rather than 
according to demonstrable metabolic defect. 
Fortunately, the recent publication of Green- 
field’s monograph!* and Dow and Moruzzi’s 
textbook’ provides judicious selection of the 
important literature, with concise tabular anal- 
yses of pertinent data from the important series 
and a workable scheme of classification. 

Greenfield’s anatomic classification!” is shown 
in Table 5 in slightly modified form and the 
usual and earliest ages of onset have been 
noted. The figures given are taken largely from 
Greenfield’s tabular analyses and text. The 
anatomic order shown in the :lassification will 
be followed in this discussion 

Under “predominantly spinal forms,” Green- 
field places Friedreich’s ataxia and “hereditary 
spastic ataxia,” including the variants indicat- 


ed. It will be noted that, while Friedreich’s 
ataxia may occasionally have its onset in early 
childhood, it is usually first symptomatic in 
preadolescence or adolescence. Patients as- 
signed to the hereditary spastic ataxia group 
are those who have demonstrated, both clin- 
ically and pathologically, a spinal type of 
ataxia differing from that of Friedreich by 
a later onset, increased deep reflexes, and ab- 
sence of the characteristic skeletal stigmata. 
The name Marie’s ataxia has been widely used 
in connection with this group.'* 

The “spinocerebellar forms” include type A 
(Menzel), which is Greenfield’s designation 
for a group of cases of hereditary ataxia char- 
acterized both clinically and pathologically 
by spinal as well as olivary, pontine, and cere- 
bellar degeneration. Onset in this group is 
in middle adult life. 

The “predominantly cerebellar forms” in- 
clude type B (Holmes**), olivopontocerebel- 
lar atrophy, and dentatorubral atrophy. No 
childhood cases of the first 2 types are re- 
corded by Greenfield, but dentatorubral atro- 
phy requires further consideration.** One of 
Hunt’s patients had onset of myoclonus at the 
age of 7 years.*® Malamud and Cohen*® have 
recently described a child whose illness began 
at about 10 months and who died at the age 
of 7 years. Pathologic examination revealed 


TABLE 5 
THE SPINOCEREBELLAR DEGENERATIONS® 


Onset (years) 
Type Usual Earliest 


A. Predominantly spinal forms 
1. Friedreich’s ataxia, including 
cases associated with Charcot- 
Marie-Tooth disease and the 

Roussy-Levy syndrome 


10-13 3 


. Hereditary spastic ataxia, in- 
cluding certain of Marie’s fam- 
ilies and those of Sanger- 
Brown, Fraser, Nonne, and 
Klippel and Durante 


20-40 10(?) 


B. Spinocerebellar forms 
1. Type A (Menzel) 


2. Subacute spinocerebellar 
degeneration (carcinogenic 
and sporadic ) — _ 


38 (mean) 14 


C. Predominantly cerebellar forms 
1. Type B (Holmes) 
2. Olivopontocerebellar atrophy 


3. Dentatorubral atrophy, includ- 
ing the Ramsay Hunt syndrome ? ? 


45.5(mean) 27 
“Late middle life” 


®Modified from Greenfield 


= 
0 
7 
6 
0 
0 
7 
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marked degenerative changes in Purkinje cells, 
dentate nucleus, superior peduncles, olivary 
bodies, basal ganglia, and thalamus. Despite 
such case reports, however, the evidence for 
the existence of an isolated atrophy of the 
cerebellar nuclei is not very great.? Greenfield 
adds, “No case of severe bilateral degeneration 
of the nucleus dentatus, and superior peduncle, 
without degeneration of other spino-cerebellar 
systems, has come to light in an extensive sur- 
vey of the literature.” The whole question, 
therefore, of whether there exists an entity of 
dentatorubral atrophy and, if so, whether it 
occurs in children must remain open for the 
present. 

Dow and Moruzzi™ have discussed briefly 
the reports of hereditary cortical cerebellar 
atrophy occurring in infants.'4-4!~% Study re- 
veals that these are all descriptions of 1 or 2 
families only. The pathology in the cases of 
Jervis*! and Norman*? consisted primarily of 
degeneration of granular rather than Purkinje 
cells. Dow and Moruzzi have concluded that, 
while cases of cortical cerebellar atrophy have 
been described in children, they are less clear- 
ly defined than those occurring in adult life. 

Garland and Moorehouse** have reported 
2 siblings suffering from a rare (20 known 
cases) hereditary syndrome consisting of cere- 
bellar ataxia, oligophrenia, cataract, pyramidal 
signs, and growth retardation. Baron and as- 
sociates*® have described a family (Hartnup) in 
which 4 of 8 siblings had transient pellagra-like 
skin rash, aminoaciduria, and recurrent cere- 
bellar ataxia precipitated by sunlight. An en- 
demic disease, kuru, occurring in New Guinea, 
has recently been described by Gadjusek and 
Zigas.** This rapidly fatal disorder affects the 
central nervous system widely and is clearly 
not a system degeneration on either clinical 
or pathologic grounds. One feature of the dis- 
ease, however, is progressive ataxia. 

The association of cerebellar and extrapy- 
ramidal symptomatology is not uncommon.'” 
Malamud and Cohen*® cite Rosenhagen’s*? se- 
ries of 45 patients with cerebellar ataxia, 25 
of whom displayed extrapyramidal signs. There 
is conflicting opinion as to whether isolated 
dentate atrophy can be the pathologic basis 
for an extrapyramidal syndrome or whether 
there must always be an associated lesion of 
the basal ganglia.7-4° 
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DISCUSSION 


This study has been undertaken in order 
to answer the question: What are the spinal, 
spinocerebellar, or cerebellar system degenera- 
tions of childhood which produce primary, 
chronic, and progressive ataxia? The term 
system degeneration is used here in the con- 
ventional way and implies that one neural 
system degenerates progressively and that this 
results in a fairly characteristic train of symp- 
toms. None of these system degenerations are 
pure as a rule, and other parts of the nervous 
system may be affected, although in less char- 
acteristic and severe fashion. Such a definition 
excludes those diseases affecting white or gray 
matter diffusely, such as amaurotic family 
idiocy, Schilder’s disease, and Wilson's dis- 
ease, which may give rise to ataxia in chil- 
dren as either a presenting major symptom 
or a late minor symptom. Usually, the diffuse 
degenerations, in contrast to the system de- 
generations, will soon make themselves known 
by widespread and devastating deficit affect- 
ing multiple neural systems. One should not, 
of course, attempt to adhere to this division 
too rigidly, since there are many borderline 
cases and system degenerations can be quite 
diffuse; diffuse degenerations may, early in 
their history, affect primarily one or two sys- 
tems. Indeed, ataxia-telangiectasia may be 
more diffuse than the authors have previously 
considered, since there is clinical evidence im- 
plicating the cortex and basal ganglia as well 
as the cerebellum. Nevertheless, in the main, 
the differentiation seems valid. 

Friedreich's ataxia is clearly the most com- 
mon spinocerebellar system degeneration of 
childhood. It is the authors’ opinion that there 
is now sufficient clinical and pathologic evi- 
dence to support the statement that ataxia-tel- 
angiectasia is another member of this group. 

It is possible that dentatorubral atrophy of 
childhood will emerge as a third distinct pro- 
gressive cerebellar syndrome of childhood and 
that such cases will be clinically recognized by 
the coincidence of progressive ataxia and myo- 
clonus epilepsy as suggested by Ramsay Hunt*® 
many years ago. There is as yet, however, in- 
sufficient clinical and pathologic evidence to 
state that such an entity exists. 

Lastly, there have been case reports of chil- 
dren who suffer from progressive ataxia and 
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yet do not fall into any of these three groups. 
They seem to have no identifying feature, 
other than their ataxia, that would enable one 
to isolate a number of them as a group for 
study. The illness of such children can only be 
labeled at the present time “progressive ataxia 
of childhood.” 

Following Greenfield’s!* classification of 
spinocerebellar degenerations, ataxia-telangiec- 
tasia would definitely fall under the heading 
of “predominantly cerebellar form.” It differs 
clinically, however, from the other types listed, 
since in none of them is the onset in infancy 
or early childhood nor are there associated 
telangiectasia and proneness to sinopulmonary 
infections including bronchiectasis. 

Ataxia-telangiectasia also differs from Fried- 
reich’s ataxia in many important features: [1] 
earlier onset; [2] characteristic oculocutaneous 
telangiectasia; [3] frequency of sinopulmonary 
infections; [4] absence of posterior column 
deficit; [5] relative absence of pyramidal signs; 
[6] absence of kyphoscoliosis and foot deform- 
ity; and [7] pathologic evidence that ataxia- 
telangiectasia is primarily a degeneration of 
the cerebellar cortex as opposed to the primary 
spinal degeneration seen in Friedreich’s ataxia. 
It might also be pointed out that, as far as the 
authors know, ataxia-telangiectasia is the only 
progressive cerebellar ataxia thus far described 
which consistently has its onset in infancy. 

Ataxia-telangiectasia also may be properly 
classified in the group of neuroectodermoses or 
phakomatoses, which at present include neuro- 
fibromatosis (von Recklinghausen’s disease), tu- 
berous sclerosis, von Hippel-Lindau disease, 
and Sturge-Weber syndrome, since it combines 
oculocutaneous vascular abnormality with cen- 
tral nervous system disease.4S—° The similarity 
of ataxia-telangiectasia to von Hippel-Lindau 
disease is only superficial, since the ocular lesion 
of the latter is angiomatosis retinae rather than 
conjunctival telangiectasia and the cerebellar 
lesion is an angiomatous malformation or he- 
mangioblastoma rather than cerebellar cortical 
atrophy.*-!5-17,2° Ataxia-telangiectasia differs 
from Rendu-Osler-Weber disease in that the 
characteristic telangiectases in the latter are 
different in appearance and distribution and 
have definite bleeding tendencies, which are 
absent in ataxia-telangiectasia; also, no in- 
stances of cerebellar atrophy associated with 
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Rendu-Osler-Weber 
ported. 


disease have been re- 


SUMMARY AND CONCLUSIONS 


The progressive ataxias of childhood (ex- 
cluding those due to neoplasm) have been 
studied by means of review of hospital records 
and the pertinent literature. 

Of the spinocerebellar degenerations occur- 
ring in childhood, 2 distinct entities stand out. 
The first, Friedreich’s ataxia, typically starts 
between 6 and 15 years of age. The second, 
ataxia-telangiectasia, consistently begins in in- 
fancy and early childhood. 

Other such degenerations occurring in child- 
hood are poorly defined and can be diagnosed 
at present only as “progressive ataxia of child- 
hood;” this latter also may be symptomatic of 
more diffuse central nervous system disorders 
involving white or gray matter and thus will 
be accompanied by other symptoms and signs 
of severe neural deficit. 

Ataxia-telangiectasia can be differentiated 
from Friedreich’s ataxia by the presence of 
typical oculocutaneous telangiectasia, frequent 
sinopulmonary infections including bronchiecc- 
tasis, and the absence of posterolateral column 
signs, kyphoscoliosis, and foot deformity. It 
is a “predominantly cerebellar form” of heredo- 
ataxia, whereas Friedreich’s ataxia is a “pre- 
dominantly spinal form,” following Greenfield's 
classification of spinocerebellar degeneration. 
It appears to be the only well defined entitv 
of predominantly cerebellar degeneration of 
infancy and childhood so far described. It also 
may be considered as a fifth member of the 
group of phakomatoses. 

The clinician’s ability to identify early cases 
of ataxia in children as being Friedreich’s 
ataxia or ataxia-telangiectasia will eliminate 
the painful and sometimes dangerous proce- 
dures of air study and posterior fossa explora- 
tion for neoplasm. 


The authors wish to express their appreciation to Dr. Emil 
Bogen for his thoughtful criticism of this paper. 


ADDENDUM 


Since submitting this paper for publication, 
ataxia-telangiectasia has been included in the 
recent book by Durham entitled, Encyclopedia 
of Medical Syndromes.® 


The reports of Biemond and van Bolhuis** 


} 
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and Smith and Cogan,®* whose patients are 
cited in Table 1, have been published. In addi- 
tion, 3 new papers**-*¢ on the syndrome, based 
on 5 more cases, and 2 critical reviews®7:*5 


have been published. 


Our own experience with the syndrome has 


grown with observations on a new patient, 
made possible through the courtesy of Dr. 
James L. Caffee of Fresno, Calif.°° This pa- 
tient, whose sibling died of a similar disorder, 
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brought the total number of cases carefully 
studied by us to 13,15-16,30.60 which includes 
3 necropsies. 


From personal communication with other 


99. 


physicians??-*5.5!-®5 and from the literature 
15-20,52-56 we now have data on a total of 52 
known cases, including our series of 13, sug- 
gesting that the ataxia-telangiectasia syndrome 
may not be as rare in incidence as we origi- 


nally believed. 
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BOOK 


Encyclopedia of Medical Syndromes 


by Robert H. Durham, M.D., 628 pp., Paul 
B. Hoeber, Inc., New York. $13.50 


Until the appearance of this book, there was 
no complete encyclopedic reference text of 
eponymic and descriptive syndromes available 
in the English language. Perhaps one might 
say that medicine has too many syndromes and 
that each syndrome has too many synonyms. 
Nevertheless, syndromes have become an im- 
portant part of medicine, and, if one is to use 
them in diagnosis and classification, one should 
be certain of their meanings; with many, the 
accepted usage varies considerably from the 
original descriptions. 

Dr. Durham has compiled nearly 1,000 of 
them, including the commonplace, the un- 
usual, and the relatively rare and less well- 
known disturbances of physiologic processes 
that constitute syndromes. They are listed al- 
phabetically according to their most common 
or their anatomic or physiologic terminology 
but are also listed alphabetically by their 
eponyms and synonyms. The author has at- 
tempted to supply the best available summa- 
rization of each and to clarify questionable or 
controversial points. He has provided an ex- 
tensive bibliography which, though far from 
complete, can direct interested readers to 
the source material for further reference. The 
historical facts are presented with comments 
upon the hereditary, congenital, and familial 
factors as well as upon the usual incidence 
and sex ratios. 
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REVIEWS 


The volume, which must be the result of 
extensive and detailed study, should be a most 
important source book and will be of value 
to students, physicians, teachers, and investi- 
gators. 

R.N.D. 


The Year Book of Neurology, Psychiatry and 
Neurosurgery (1958-1959 Year Book Series) 


edited by Roland P. Mackay, M.D., S. Ber- 
nard Wortis, M.D., and Oscar Sugar, M.D., 
623 pp., The Year Book Publishers, Chicago. 
$8.50 


The editors of the 1958-1959 Year Book of 
Neurology, Psychiatry and Neurosurgery, Drs. 
Roland P. Mackay, S. Bernard Wortis, and 
Oscar Sugar, have again summarized and made 
available the most essential current work done 
during the past year in these three specialties. 
Each of these men is an experienced and crit- 
ical analyst of the literature. The most impor- 
tant advances in each of the fields is succinctly 
abstracted, many times with very important 
editorial comments. 

The Year Book series has become a most 
important source of information for the indi- 
vidual who cannot keep up with all of the lit- 
erature, and there are few who can do so. 
The Year Book of Neurology, Psychiatry and 
Neurosurgery is especially valuable because of 
the discriminating selection, careful abstract- 
ing, and critical analysis by each of the editors. 

R.N.D. 


ULTRAN provides safe relief of mild 
anxiety and associated muscular tension... 


WITHOUT inducing an exaggerated sense of well-being 
WITHOUT distorting the patient’s outlook on life 
WITHOUT diminishing mental alertness 

WITHOUT decreasing physical dexterity 

WITHOUT dulling delicacy of perception 

WITHOUT unnecessary risk of drug dependence 


ULTRAN is supplied in Pulvules® of 300 mg. (usually 1 t.id.) and 
scored tablets of 200 mg. (usually 1 q.i.d.). 


Ultran® (phenaglycodol, Lilly) 


ELI LILLY AND COMPANY « INDIANAPOLIS 6, INDIANA, U.S.A. 
074005 
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IN THE SAME PATIENT... 
WITHOUT UREVERT 


“Prior to the use of urea for intracranial de- 
compression ...the patient was admitted for 
cranioplasty because of a left cranial defect. 
During the operation the brain began to ex- 
pand ... it was necessary to reduce... pres- 
sure by lumbar puncture. The total operating 
time was two hours and twenty minutes.”" 


CRANIOPLASTY OPERATION TIME WAS REDUCED BY 1-1/2 HOURS! 


of 


we 


am, 


New Sound-Color Film—The new approach to the reduction 

of intracranial pressure with Urea-invert sugar (Urevert) is herein 
described and illustrated. Conditions so treated include 
glioblastoma multiforme, optic nerve glioma, frontotemporal 
meningioma, cerebellar astrocytoma and retrogasserian rhizotomy. 
Film showings may be arranged by writing to Medical Film Library, 
Travenol Laboratories, Inc., Morton Grove, IIlinois. 


1. Taheri, Z. E.: Urevert in Cranial Trauma and Brain Surgery, 
J. Internat!. College of Surgeons 32:389 (Oct.) 1959. 

2. Javid, M.; Urea—New Use of an Old Agent, Reduction of Intracranial 
and Intraocular Pressure, The Surgical Clinics of North America, 
Philadelphia, W. B. Saunders Company, Aug. 1958, p. 907. 


WITH UREVERT 4 


“Recently this patient was readmitted for 
cranioplasty of the right side. In this opera- 
tion urea [Urevert] was used....Cranioplasty 
was easily accomplished. No lumbar punc- 
ture was necessary. The operating time was 
fifty minutes.”" 


“... strikingly illustrates the value ...”? 


revert 


(Lyophilized Urea and Travert®) 


The New, Superior"* Intracranial Decompressant 


“The use of urea [Urevert] for brain decompression often simplifies and extends the limits of 
neurosurgical procedures and, in some patients, proves to be life-saving.” 


TRAVENOL LABORATORIES, ¢ 


Pharmaceutical Products Division of 


BAXTER LABORATORIES, INC. 
Morton Grove, Illinois 


Cartoon idea by pharmacist Emil Magdalener 


Many of you may have seen a recent 
cartoon depicting a midnight scene in 
front of a pharmacy. A woman is pound- 
ing on the door and the pharmacist is 
leaning out the window of his apart- 
ment over the store. “Open up,” shouts 
the woman. “My husband is sick and 
I need a stamp so I can. send this pre- 
scription to the mail order house.” 


The drug that always fails 
is the drug that isn’t there 


Far-fetched? Perhaps, but there are those who would have us 
believe that our present system of drug distribution is inefficient 
and costly, and should be replaced by presumably more efficient 
and cheaper centralized or bureaucratic methods. Disregarding 
the probable political philosophy behind these suggestions, con- 
sider what a marvelously intricate and efficient system of drug 
distribution we have in this country. e From the laboratories 
of the manufacturers comes a steady stream of new and better 
drugs for your patients. Warehoused and stocked by drug whole- 
salers, these products are available in over 53,000 pharmacies 
scattered across the length and breadth of our land. And woe to 
the pharmacist who hasn’t been provided with yesterday's 
laboratory discovery for your use in treating a patient today. e 
The economists speak of “‘utility of time” and “utility of place.” 
We simply say that you can confidently te the 
prescribe what you choose, when it is Profesion. For additional information, please 


write Pharmaceutical Manufacturers Associa- 


needed, wherever your patient may be. tion, x sireet, N.W., Washington 5, D.C. 
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helps 
establish 
rapport 


with the difficult patient 


Prozine is an effective aid for the symptomatic control of (1) apprehension and 
agitation, especially as manifested by somatic complaints and (2) motor excit- 
ability.! Such control is often advantageous where these symptoms hinder rap- 
port and, consequently, definitive therapy. According to Ehrmantraut ef al., 
Prozine administered to adolescents"... proved most effective in securing the 
cooperation of the more unmanageable patients.’’ 


Dosage requirements for Prozine are usually low, thus minimizing the possibility 
of side-effects that might interfere with therapy. 


Wyeth Laboratories Philadelphia 1, Pa. 


1. Oswald, W.J.: Int. Rec. Med. 772:743 (Dec.) 1959. 2. Ehrmantraut, W., et al.: Scientific Exhibit, District 
of Columbia Medical Society (Nov. 24) 1958, Washington, D.C. 


For Neurosis or Psychoneurosis 


PROZINE 


meprobamate and promazine hydrochloride, Wyeth A Century of Service 
to Medicine 


For further information on prescribing and administering Prozine see 
descriptive literature, liable on r t 
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one child has epilepsy... even her companions might 
not know—if her seizures are controlled with medication 


“,.nowadays our approach should be, as far as possible, to protect the patient with sufficient 
medicine and allow him to live as much as possible the life of a normal child.”* 


for clinically proved results in control of seizures 


2 SODIUM KAPSEALS® outstanding performance in grand mal and psycho- 
motor seizures...DILANTIN Sodium (diphenylhydantoin sodium, 
Parke-Davis) is available in several forms, including Kapseals of 


0.03 Gm. and of 0.1 Gm., in bottles of 100 and 1,000. 


other members of THE PARKE-DAVIS FAMILY OF ANTICONVULSANTS 
for grand mal and psychomotor seizures: PHELANTIN® Kapseals (Dilantin 100 mg., phenobarbital 
30 mg., desoxyephedrine hydrochloride 2.5 mg.) bottles of 100 + for the petit mal triad: MILONTIN® 
Kapseals (phensuximide, Parke-Davis) 0.5 Gm., bottles of 100 and 1,000; Suspension, 250 mg. per 4 cc., 
16-ounce bottles. CELONTIN® Kapseals (methsuximide, Parke-Davis) 0.3 Gm., bottles of 100. 
Literature supplying details of dosage and administration available on request. 
"Scott, J.S., & Kellaway, P.: M. Clin. North America 42:415 (March) 1958. 
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Occaswon pour traducteurs 

Belegenhet fir Ubersetzer 
Opportunity for 
Translators 


Oportunidad para traductores 


TRANSLATORS of neurological abstracts from English into 
French, German, and Spanish, and from Spanish, German, 
and French into English, as well as other combinations of 
those languages, are sought by WorLp Nevurovocy, official 
publication of the World Federation of Neurology. Physi- 
cians or individuals familiar with neurological terminology 
are preferred. Accuracy and fluency are important. Since 
Wor_p Neuro.ocy is a monthly publication, there will be 
a reasonably constant flow of manuscripts to be translated. 


* The pay schedule will be based on the number of lines 
of typewritten manuscript translated. 


* Interested individuals should clearly outline their 
qualifications. 


Please communicate directly with 
Cuartes M. Poser, M.D., Editor-in-Chief 
World 
Neurology 


University of Kansas Medical Center 


Kansas City 12, Kansas, U.S.A. 


| 28A 


complete integrated facilities for 
ELECTROMY OGRAPHY 


® SINGLE CHANNEL EMG with two-channel magnetic 


Mod tape recorder for recording notes 
tay | and EMG simultaneously. 


@ TWO-CHANNEL EMG permits simultaneous recording 
and study of two EMG poten- 
tials or of one potential together 
with a related physical param- 
eter such as force or pressure. 


Model TE 2-7 


® Automatic controls and new circuits provide simplified 
rellable operation without shielded rooms in most loca- 
tions. © EMG potentials faithfully reproduced by special 
recorder circuits. © Specifications equal or surpass require- 
ments for research, teaching and clinical use. 


NEW rugged COAXIAL NEEDLE ELEC- 
TRODE withstands autoclaving, has tapered 
shaft, 26 gauge at tip, insulated handle. 


80 Main St. 
TECA 
CORPORATION New York 


2 Indispensable Neuroanatomical Works 


(Reprints 1960) 


HENRY ALSOP RILEY, 


Professor Emeritus of Clinical Neurology. 
Columbia University 


Atlas of the Basic Ganglia, 
Brain Stem and Spinal Cord 
(based on myelin-stained material) 


C. U. ARIENS KAPPERS, 

G. C. HUBER and E. C. CROSBY 
Comparative Anatomy of the 
Nervous System of Vertebrates, 
Including Man 


More than twenty years after its publica- 
tion, this work is considered indispensable 
by research workers in the field. It reviews 


THE ATLAS is a reprint of the original, first 
published in 1943, with corrections. In the 


indexing, as a special improved feature, 
the reader is now referred directly to the 
page on which the figure appears, instead 
of to a group of plates as before. 


$24.50 


the literature in comparative human anat- 
omy up to the time of its publication in 
1936. Published conveniently in three vol- 
umes, illustrated. 


$27.50 


HAFNER PUBLISHING COMPANY 


31 East 10 Street 


NEW YORK 3, NEW YORK 


(Stechert-Hainer Inc.) 


29A 


~ 4 4 — 
| 
| 
& ~@ 
| 
| 
20° 
= 
- 
|_| 
4 


>= = 
= = i 
= 
: 
Laces 
=] = 4 = 


+ 


™ 
4 


— 
| 
4 
+h. 
4 
i } 
i 
iat 
- full year on or 
safely With Madribon 
_is exceptionally low — AS 
reported cases. An im 
the -acting sul 
the safest long-acting sulfonamide tial.” The cost 
that of the average 
ibid., p. 44. 3. R. E. ‘LO! Randall ‘and heft, 


N EW S [ ETTE rR AMERICAN ACADEMY OF NEUROLOGY 


Augustus S. Rose, M.D., President 

A. L. Sahs, M.D., President-Elect JULY 1960 
Joseph M. Foley, M.D., Vice-President 

Robert Utterback, M.D., Secretary 

Charles M. Poser, M.D., Treasurer 


Special Courses Reach A. B. Baker's battery of special re- 
New High at Miami Meeting fresher courses in basic and clinical 
neurology reached a new peak of success 
in both quality and attendance at the Annual AAN Meeting in the 
Eden Roc Hotel, Miami Beach, April 25 through 30; 296 neurologists 
and neurologic scientists registered for 649 individual courses. 
Topping the list in popularity was the course in child neurology 
with 126 registrants (Paul M. Ellwood) ; next came the course in 
electroencephalography with 97 registrants (Frank Morrell), 
neurologic aspects of internal disease with 89 (Gilbert H. Glaser), 
genetics with 69 (Leonard T. Kurland), central nervous system infec- 
tions with 66 (Charles A. Kane), language disorders with 62 (Joe 
R. Brown), neurochemistry with 50 (Donald B. Tower and Maynard M. 
Cohen), neuroophthalmology with 41 (N. S. Schlezinger), and neuro=- 
pathology with 41 (Lucien Rubenstein pinch-hitting for Erland 
Nelson). In addition, 63 general practitioners registered in a 
course on general neurology for the general practitioner, designed 
and given by Benjamin Boshes.... A total of 12 courses are being 
planned for the 1961 AAN Meeting which will include new courses on 
the legal aspects of neurology, newer concepts of human cerebral 
organization, and the electron microscope. 


Cerebrovascular Disease Subject After the Twelfth Annual Meeting of 
of International Colloquium the American Academy of Neurology 
April 25 through 30 in Miami Beach, 
500 neurologists and scientists from 7 different countries 
(Belgium, Canada, Denmark, England, France, Sweden, and the United 
States) met in a two-day colloquium* on the pathology, diagnosis, 
and treatment of cerebrovascular disease. The meeting was chaired 
by A. L. Sahs. Among the topics considered were predisposing 
neuropathology (A. B. Baker) ; mechanisms of brain vessel injury 
(W. E. Stehbens, Oxford); organization and distribution of major 
cerebral vessels (H. Kaplan, H. Vander Eecken, Ghent, and R. Berry, 
Philadelphia) ; alterations in blood flow (L. Sokoloff, N. Lassen, 
Copenhagen, and P. Scheinberg) ; brain mechanisms for controlling 
its own blood supply (J. S. Meyer, F. Gotch, and David Ingvar, 
Lund) ; and advances in angiography (J. W. D. Bull, London, 
J. M. Taveras, and 0. Sugar). Also discussed was the use of 
"ophthalmodynamometry" by J. Toole (Philadelphia), L. Crevasse, 


*Cosponsored by the American Academy of Neurology and the National Institute of Neurological Diseases and 
Blindness (Bethesda) 


and A. Heyman (Durham). The value of the electroencephalogram for 
detecting variations in blood flow was described by H. Gastaut 
(Marseille), C. E. Wells, and S. Weiss (St. Louis). Finally, the 
results of controlled studies, both medical and surgical, were 
concerned, including the NINDB cooperative studies on anticoagulant 
therapy and the surgical treatment of intracranial aneurysms; 
studies on the surgical replacement of large arteries of the neck 
(M. DeBakey and S. Gurdjian, Detroit) ; and the independent studies 
of John Marshall (London) on anticoagulant therapy and of Lawrence 
Walsh (London) on treatment of aneurysms.... After the sessions, a 
small planning group under Chairman R. P. Schmidt met to map out 
promising new vistas of research in this field. 


Pennsylvania Hospital Organizes The Pennsylvania Hospital announces 
New Neurology Department the creation of a newly formed 
teaching department of neurology 
under the direction of Frank A. Elliott, Professor of Clinical 
Neurology at the University of Pennsylvania. Dr. Elliott is a 
Queen Square man, having received his training under Francis M. R. 
Walsh, Gordon Holmes, Charles P. Symonds, and George Riddoch. 
The newly created department comprises a clinical service, a 
neurochemistry laboratory, a new electroencephalography department, 
and modern facilities for perimetry and neuroradiology. In the 
process of active development is a neuropathology laboratory under 
Sumner Zacks (formerly of the Armed Forces Institute of Pathology), 
which will provide for electromicroscopy, experimental neuro- 
pathology, and histochemistry. The current personnel consists of 
a first assistant, J. J. Pegues, 2 Ph.D's, and 3 graduate 
technicians in the neurochemistry laboratory and 1 resident in 
neurology. Increase in the number of neurologic residents is 
expected. The residency training program has received AMA 
approval. Inquiries should be addressed to Dr. Frank A. Elliott, 
Professor of Clinical Neurology, Pennsylvania Hospital, Eighth 
and Spruce Streets, Philadelphia 7. 


Boshes Named Benjamin Boshes (Northwestern Medical School, 
National Secretary 303 E. Chicago Avenue, Chicago 11) has been 
appointed jointly by the American Academy of 
Neurology and the American Neurological Association to serve as 
National Secretary to the World Federation of Neurology, with head- 
quarters in Antwerp. The appointment was made by the 2 societies 
upon the recommendation of the AAN-ANA joint committee* (See 
NEWSLETTER, February 1960) on international representation of 
American neurology. The WFN national secretary and the national 
delegate, H. Houston Merritt, should not be confused with the 
national delegate, James L. O'Leary and alternate, Bernard J. 
Alpers, to the Seventh International Neurological Congress to be 


*Members of this Committee are Roland P. Mackay, Joint Chairman, J. L. a. Russell N. DeJong, and Joseph 
Foley for the AAN and B. J. Alpers, H. H. Merritt, and Fred Plum for the AN. 


held in Rome in 1961. The President of the Rome Congress is 
Professor Mario Gozzano and the Secretary-General is Giovanni 
Alema, Viale Universita, 30, Rome. 


Neurosurgeons To Meet The Ninth Latin American Congress of Neuro- 
in Mexico City surgery will be held in Mexico City under the 
Presidency of Dr. Manuel M. Velasco-Suarez. 
Meeting with the neurosurgeons will be the Fifth Latin American 
Congress of Electroencephalography and Clinical Neurophysiology 
(Dr. Carlos Villavicencio, President, and Dr. J. Hdez Peniche, 
Secretary) and an International Symposium of Neurologic Research 
(Dr. John D. French and Dr. H. W. Magoun, Presidents, and Dr. Radl 
Hernandez Peén, Coordinator). These meetings will be held October 
4 through 10, 1961. Inquiries should be addressed to IX Congreso 
Latinamericano De Neurocirugia, Tonala No. 15, Mexico 7, D.F. 


Cushing Society Elects At its annual meeting in San Francisco April 
New Officers 14 through 16, the Harvey Cushing Society 

elected J. Grafton Love, President; Leonard T. 
Furlow, President-Elect; John Raaf, Vice-President; Hendrik J. 
Svien, Secretary; Eben Alexander, Jr., Treasurer; and Louise 
Eisenhardt, Historian.... The 1961 meeting of the Harvey Cushing 
Society will be held at the Hotel Del Prado in Mexico City April 
17 through 19. Dr. Manuel Sanchez Garibay is chairman of local 
arrangements. 


Key Staff Changes Surgeon General Leroy E. Burney of the Public 
at NIH Health Service announced 3 key staff changes 

which will become effective July 1. David E. 
Price, now chief of the bureau of state services will become 
deputy director of the National Institutes of Health, a position 
which has been vacant since the retirement of C. J. Van Slyke last 
December. Kenneth M. Endicott, now an associate director of the 
National Institues of Health, will be director of the National 
Cancer Institute, succeeding John R. Heller, who has been granted 
leave to accept the presidency of the Sloan-Kettering Memorial 
Cancer Center in New York City. 


Briefs The French Society of Neurology (Société Francaise de 
Neurologie) staged its Twenty-fourth International Neuro- 
logic Reunion at the Salpetriére May 31 and June 1. The central 
topic of the scientific sessions was the apraxias under the direc- 
tion of Professor H. Hécaen. The reunion was followed on June 2 
by the regular monthly meeting of the French society.... Peter 
Kellaway is now President and William Caveness President-Elect of 
the American Epilepsy Society. H. Houston Merritt represents the 
Society as Vice-President for the International League against 
Epilepsy. Members of the Council are Richard B. Richter, Douglas 


: 


Davidson, Sidney Carter, and Robert Aird. Continuing as Secretary 
and Treasurer, respectively, are James W. Crawley and Madison H. 
Thomas. The next annual meeting of the society will be held 
December 8, 1960, in New York City.... The French Republic issued a 
new postage stamp on June 13 to honor the French neurologist, Jean- 
Martin Charcot (1825-1893).... Ellsworth C. Alvord, Jr., formerly 
of Baylor University, has accepted an appointment in neuropathology 
at the University of Washington in Seattle.... Glenn A. Drager, 
formerly a member of the staff of G. Milton Shy at the National 
Institute of Neurological Diseases and Blindness, has now joined 


the Department of Neurology at Baylor University College of 
Medicine. 
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PROFESSIONAL CARE and 
TRAINING for the 
MENTALLY RETARDED 


The Training School at Vineland, New Jersey. is 
especially equipped for the care and treatment of 
mentally retarded children. Boys and girls two 
years of age and up with a mental potential of six 
years are accepted. They receive individual care 
and treatment. They live in small groups in at- 
tractive cottages. They work and play with chil- 
dren at their own level. They are helped to de- 
velop to their full potential. 

The carefully selected medical, dental, psychiat- 
ric, psychological, physiological staff ters six 
comprehensive programs: 


* Observation and ° Residential 


Diagnosis Supervision 

* Education and ¢ Summer Program 
Training 

* Custodial Care Center 


500 children can be accommodated on the beauti- 
ful 1600-acre estate located in southern New Jersey 
near the seashore. The Training School Research | 
Laboratory has been famed for continuous study of 
causes, prevention and treatment of mental retarda- 
tion since 1888. For information write: Registrar. 


Box Q. 


THE TRAINING SCHOOL 
AT VINELAND, NEW JERSEY 


A private, non-profit residential center for the 
care and treatment of the i ded 


HALL-BROOKE 
HOSPITAL 


An Active Treatment Hospital 
Located one hour from 
New York 


Accredited by: 
The Central Inspection Board of the 
American Psychiatric Association 
The Joint Commission on Accreditation 
of Hospitals 


HALL-BROOKE, GREENS FARMS, 
BOX 31, CONN. 
Telephone: WESTPORT CAPITAL 7-1251 


George S. Hughes, M.D. 
Leo H. Berman, M.D. 
Albert M. Moss, M.D. 
Louis J. Micheels, M.D. 
Robert Isenman, M.D. 
John D. Marshall, Jr., M.D. 
Edward M. Keelan, M.D. 
Peter P. Barbara, Ph.D. 


FOR ALL 
NEUROLOGISTS 


A New International Neurology 


Publication 


Purpose—To aid the World Federation of Neurology in serving the 42 
neurologic societies in as many nations in advancement of the neurologic 


sciences. 


Editorial Content—Publication of research and clinical studies embrac- 
ing all areas of neurology. Articles will appear in four languages: Eng- 


lish, French, German and Spanish. 


Stimulation and exchange of international basic neurologic research 


programs. 


Publication of news and promotion of a closer professional and per- 
sonal association of scientists and practitioners in the field. 


World Neurology will be a vital international medium of communi- 
cation—interesting, informative and helpful. 


Mail your subscription now ($15.00 per year) to 


WORLD NEUROLOGY 84 so. 10th st., Minneapolis 3, Minn. (U.S.A.) 


Official Organ of the 
World Federation of Neurology 
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in private practice 


Stelazine’ 


brand of trifluoperazine 


is an effective adjunct 
in the treatment of 


chronic anxiety 


A psychiatrist once said: If you can reach 
them and hold them, you can remit them. 


‘Stelazine’ can help you to reach, hold and 
bring to remission patients suffering from 
chronic anxiety. 


‘Stelazine’ is particularly effective when 
anxiety is expressed as apathy, listlessness 
and loss of drive. As ‘Stelazine’ works to 
penetrate these defense mechanisms, pa- 
tients become more capable of responding 
to psychotherapy and counselling. 


On ‘Stelazine’, most patients promptly ex- 
perience relief of anxiety and a subsequent 
restoration of drive and improved mental 
outlook. 


FRENCH 


leaders in psychopharmaceutical research 
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PHOTO STIMULATORS 


-@: ( CLINICAL PHOTO STIMULATOR 


ue = n> FOR PHOTIC ACTIVATION OF 
THE ELECTROENCEPHALOGRAM 


SIMPLE TO OPERATE | 
SINGLE OR REPETITIVE FLASHES 


RESEARCH PHOTO STIMULATOR 
WITH MAXIMUM VERSATILITY 
FOR VISUAL STIMULATION 


SINGLE OR REPETITIVE FLASHES 
PAIRS OF FLASHES WITH VARIABLE DELAY 
FIVE INTENSITY SETTINGS 


GRASS INSTRUMENT COMPANY 
101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 
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Proven 


in over five years of clinical use and 
more than 750 published clinical studies 


Effective 


for relief of anxiety and tension 


Outstandingly Safe 


e simple dosage schedule produces rapid, reliable 
tranquilization without unpredictable excitation 


e nocumulative effects, thus no need for difficult 
dosage readjustments 


e does not produce ataxia, change in appetite or libido 


e does not produce depression, Parkinson-like symptoms, 
! jaundice or agranulocytosis 


e does not impair mental efficiency or normal behavior 


meprobamate (Wallace) 


Usual dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated 
tablets; or as MEPROTABS*— 400 mg. wnmarked, coated tablets. 


te i WALLACE LABORATORIES / New Brunswick, N. J. 
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more effectiv 
than A.P.C. wit 
codeir 


SUBSTI 


Each Tablet Contains: 

200 mg. (3 grains) 
150 mg. (2% grains) 
. 30 mg. (% grain) 
Demerol hydrochloride ... 30 mg. (¥% grain) 
Adult Dose: 

1 or 2 tablets, repeated in three or 

four hours if necessary. 

Supplied: 

Bottles of 100 and 

1000 tablets, scored. 

Narcotic Blank Required. 


Phenacetin . 


New York 18, N. Y. 


Demerol (brand of meperidine), trademark reg. U.S. Pat. Off. 
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